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<ui cs^i ^.a-p ^ (_yjj-x.il ISjLjUJ ijjJjl oli ijiiJ o^U^ 
o-La jJL! ^yljj t^yiidlj i_s_»L_u*Vl _jaiJL! L^-L-l 15^j^o iijj^Jl 
4,;37il j f jJL«l! jj ^Jl jl* til I . II iijJL. ^ 0 jL*JL| iJLJLJl 
oL»L~Jl ^yi aJL* i.A" jLL>J ^yi jAl *t>.j*^\ -uJiuJl j 

:Lji»j pJL*]lj iiULi (^ju j^JI oL^jdlj 

Olj ti-j^Jl iiUL f Ui*Vl Sjjjv» Jtfjj ij;Ul r 2007 .^1428 
i^LLiyl*^ it-*- o">LUJl j LS A*}\ ti^Jl ^ a^j 

.<l»j8*j cJ^flj *(.*p)Mj iJUWI 

JLjyJI i£L~Jl ^ ti^ij ^LtJU ijit^ ;L-L~J|» :LJU 
; jj-a ^Lif^l ji—l ijiSj* s ^JL* <_$Jbs-} aUiol L$i* jiJl ^yJl 5_.s_jji~JI 
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oLJj^VIj tcA-jlx-Jl JLiij i^j*Jl a.:i7Bj t(^LJl) 

UjJ J^L" ^1 ^yJl ^^^JL! 4lli jl* ^LLJI SjjL. :U)U 

" t 

JL* o^LJJj ^jj jXJi JLp ^LiJl ^^Jl ^^^Jl 
*<LJL«lII iv»U*jj toLfil ^Jl i^yj La L$i*j tcJ^Vl 

.Jjlo ^ili ^Jju j^jyJl t^jliil Jbjjj ijJLfi 

^sJl oLiiiJl JS ^ l-i* S3513 JL* iJLJLJl 

cLw^j i_j^J| o^-ij-lj .(('LiSdlj fj-L*JLJ <LjlL> jJI ... i|B LjjjJu>- 

(jkij si j t^Ai^Jl iil* Lf^^" ilJlsJlj tLjuU- 

oL-.StSI iLJL- J»:.t,7 tiJLpj .y^l jl^Ij cjIxS' liLSi 

ijlidlj ijjJjJl oL>, I la ,/» o II ij'e\a ^U^l t r »bS' <Jl o«a&- 1*5 
.^rJ.k.^g.tt.U j****^ iJLJLJl sJLa S-UutJl 

Jj<J jJ-yS 
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ijlflJl JJLi ij^J- <4~>Ad ^^;la" LLk* 4^frij t_jb£!l ^y0y> 

■^.A Jj**^ JjS^Jl 
«Ia jjJUaj sjlx~» ijiiJl j > jJLxU ^ «iiJLJl ij-Lo 

ot?-lj^Jlj i*j>-^iil ^ iJLJl Sa^Jl jjisxij LfiiJu (jiJl a_^>«-!l 

-M ^1 «>_^JJ a^J*Jl i^JJl ^SLit US' **r- t>J 

.j* 1431/3/20 ^LJI 
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(Ross Bulletin 10) 10 sy^J e^.*^ >* ^1 
^jJl j (5>wa// Wafer Supplies) S^JwaJI S^UJI ^Wjl$L i^UJl 
«Jl* ^.oT^ ,11 ^ JbJbJl Jlj-j JlI! . 1978 i:^. >_..:< JSLij o ytJ 

<L» ^j>- cJj-o JLiJj • ( > > >!l ^ij^> « >^ ^ Lfjl* c-JLkil 
t Lf! ^bil (DFID) iJjjdl a^I ^-i <J">U- 5Jb>«iJl iSO^Jl 



ONI jijijj .L^LJl JjjJl ^ ^LJI jIjuVI ^ j^kdl ^ ^Jt£Jl 
J*>Vl t^b&l ^ ^Aj LoLj <uUL. JjjJI i_jbS3l IJLa 
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.VitJl JjjJl yi ^Ulj ajyi J^LJl j>2 ^Ij 

IJL* 

AJlaZi Li JiL-^Jlj v^^ 1 jii^J tiiUiJlj ►UJI 

tv^J .LjJL»- AjJLiJl £j^lj^Jl el* j^JJ <1)1 t£-^lj J-A Las' 

•LjJbt fr^-j JLJI aU.)fl ^jLi, 
SjJLJl Sj^JlJI oLiisJl jv^" ^JLjJI ^aJu 

.4,,,,,, Ml UiSfL j^lj t*i»5fell jl^>Jl flk* flJ^L 
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IJLa J ^ J-^ai JSL iUs> j] Us>Lj jl jiSt £lJI JLjuf. i^jSCJI 

3 (j^JLoJl ^Jjji-i^jj . 1986 ^Lp Lj-j ^y^-s*- ji (j-^ &^ 

VjjjL* ^L>«j^f 4-ol Ji*Lw«l JJj WELL j-«J t)t 

<_£jJL>JVl fLiiiil ^1 oL-Li!l oJl* Jj>>*iJ ioJLki^JI JJI ^J&JI j 

SLjJ-i 0 ^SLJ tjjL^I IJL* o.A » : p| ^JLSl ^-^1 J^LUj 

Cairncross, S. and R. Feachem. Small Water Supplies. Bulletin 
no. 10. London, UK: London The Ross Institute of Tropical 
Hygiene (School of Hygiene and Tropical Medicine), 1986. pp. 
78. ISBN 0 900995 10 6. 
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6M <M) 



yliSJl JUai _ 1.1 

(Point *Lkii!l olj.^^jJL L-L.I ^x-y .i**LJl J jjJl ^ oL^Jl 
L«_lajtj ^jjLlJIj t (Boreholes) jJ->Jl <-»j-ajj Supplies) 
jlJLJ ^1) JJVl oU, , II fJL*I-J V ^1 jUa-Vl .L- 
fUaJ jl t (Treatment Works) cjLjJLh^JI JL*_*4j UoIj^jj-JL 
.(Piped Distribution Systems) ^.^Sll £i3j^' 

iyu t^^Jl j by 250 0L5UI ^ a-bJ iJLJl oU-UJl 

i-fr^l j^Jl }^ ^1 W 

ty* . (Gravity - fed Piped Distribution System) JJlLiiL pJLLtJl 
.IjS cj\x*2>*j> t(High Yielding Springs) S^J^Jl 
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J-^LLj jij->, V it~j*-> ^y> (^Li5Lil IJL» JjJ 

^JbJ^I y ^JU-Vl - 2.1 

^ ^-LuJl ^LJI j^^Jl ^-*<ij i>JL« <^5L" L» LJU 

^♦^ju ^uji f a^i _ 3.i 

.JL*LJl JjJLiJ iij^iJl ^ byt^u ^ ^LJI ^ iifcl^l 

J-JU t (Top-down) jJ-JLs^jlJI *Ul j^*^ t~<^JLj 

^„*t1I j! (jj^SLJl v ( End users ) dli^^Jl ^ 

Sjj-^iJ ( t^U^l j (^iJl (Bottom-up) 

LJLJ j ^J\ LJ> jj| (Top-down) JJU^Jl t_j jJL-1 V j 
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ojl* Jj-!j .<Li»taJ_j ^UaiSI ^^-Ji-ij ^-ij^ ^t^y <— LliSj » jj^ .t . !l 
jl»JI ,bSfl ^ aJUh r UiJl ^LJ Ol aJ_,jl5I aK-k 0l oUI >NI 
i^i t^^j ^.IjJlJI JL* LSlL ^-J dLJi .^Ijt.-.U 

^LkJL ^yjJ tij-^ £*i*«Jl ^jiil ULkJj ifjr ^ 

.^Ikll i.bjj JJuid i.j}Ul 3J,L&-Vl oljaVl dHI jt 
ISjJLo SaJUCLo jjJiL* ifciijt ^ ol ^^>«Jl p-Sl ji3 *s*~jj 

^ » ... j L« jl (Bottom-up) ^. : : SI j! ^jXiJl 0J 
l*» ^JJ^ (Community Management) «iji*^Jl iSj^" 
SaJiu »l jJLSl j .iilS jJaiJ ^Ul alJLt^fl 

(IRC, Ji- 4,/7„,»VrJl oLjaVl J^U- ^ £_^s>^Jl ^ Saljx-iU 
,JU~J| IJla ^ aaJi.ll j^-jUJl ^ j! tl991) 

Sl_^ ^UJJLS^ $j tiJLLtJl oLi^Jl ii^- 
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jij^Jii J.?:., oil ^ <o>bJj 4l : «.t* JUi»-l L»I.K..<i • 

L^Ulj KlkJt 2L*1 _ 4.1 

.Lj^ibJ j! SJUJbjJl iJajVl J;*-^J *LU)flj JaJai«dL| i**L~Jl 

iwil^o ^yftJLxj lSjjj*^^ (j* ^j'^y o j-A ^jjj 

j^Jl IJla JU~. ^ Jl^Z CjI ^jUil 

.(Boot, 1991 : ^ JlsJl 

*L>t^aJl oUI jij*^ lJ\ ^T^*"^ _jLji*i*y I Jali ii>-lj d)I £Ai>«Jl 

LJUs .oL*Jl i^j^j ^L*^*MI iiU^VLi i. (J ^\ yH\ (^Aij j 

jli sLaJI ^|JLkLw»l 4JL?- ^ ij^j .\-qj>\±>clJ\ J^i «L«Jl 

aOiJl yaL^j ^aJl obUJl 0 y^i V 1^15 01 ^l|T,„.ll 
obJlS^I) io.jj*^Jl J»l^l (>• JbJxJL kLJI «JLa Ojjyj 
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J^j .&jU\ SjJLSji ^bVl & tdliij .(i^^Jl 

4*ili obLSjJ dUL* ( j^JJ iiQiiil jp| jij l^A obbJl ^ 
. (Almedom [et al.], 1997) fjJuJl ^ sLLuu 

y_^uJl *Ldl OL^ OJj (_^>l y>S\ ij-J ^ ^LLiJl ^ LSI* 
/juj^JI jJUa-Jl OLi ^..jl^-JL! JJL.SII ^ Ijl^l-MI ^ JiStdLS j 

J-l /jj ixi_$l~~<jl eL«Jl ^L&S' 5jj^ LJajjil JLLP j 

JLmj aLwaJl o JLs> i_S ^ ,/?7 il 4^g^Luu \ ,/> 4 I o | < ^u/u Lo ^» 7 ->«^o 

^^Jl ^L>U^ ciiJUji .Lfo|j»^.l 

ciUi Jl* JlL. 
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i^j -iS J"^ lJI Cr° t -*k i **A j 4 ij_j-oJl IJl* L* y ^» 

Al^su Jj| ^ji ^ A^l^7,..»ll aLaJl JLl<Jl ^» iJL^Jl I JL* 

.CjLiLJl <L2j jijj »JU> i3l»- 

(Public <u>L» <LsLo j^Lo* i**»»*-Jl oLaJI <L«5' .U:*:^ 
Jjv^^ ^f-"* (_^* t^5j=r ' ^* i»-_«s**Jl jLj^^ Water Source) 

30 ^ J3Ub 5 fat c^tf (Round Trip) yLi&Vl ^ ^ 



^ i^^Ul 

djjjs-Ij ..LJI £j>j /gj p"5Ul ^lijjill JLj^Jl • 
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OLS" liLi .|»-S%» (Hygiene) t j>^> <jy~-*j> J^>«J *L«-5l J* V"^ 0 

£-^4 ^SU (1 JjJbfJl j\ J>JI ^L; ^ 

.i^yjw J£ij LAalySl (^ji-^Jl 
.UJJ ^1 ^>JI ifcA^I :l JjJbJI 





.1 1 




10 . 25 


20 


iijj-ii i jli* ilai 
J[ 500 Sil_. iJL»£j| iU- j (gjy *Ja* jl 

ji. 1000 


15 - 25 


20 


\jL> 250 - 500 at-. «JU£| 


15 . 50 


25 


IjK 250 ^ J£ JLsLlSil iL>- j 


20 - 80 


40 


j^XJj JjjJ.1 £jL>- «LII iJa-il) <-UJ jj . : ./^ 


30 . 80 


50 


(Jjdl J»-la *lali) JJ~+0 


70 - 250 


120 





. «Ul ^ iil 20 jA,- ^L-Jl (») 

jsl jUlj .gj&A ^IkJl ^hSJl 1JL» ^ oL-Lill J£ :ilL>-:>l. 
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.^jj c-LJl a^ (jip Jai» (j-Jj 

V a!! «Jj> Juli ^Uflj JLp yJUJl j^^l flbJ JUi*j 
■tf>l t^l «r* <>" Jt*b SaL*l 0 ja ^ ^fl*i 

OjJjJI JUs^I f ..„<*tH a*. ^ J"5U- jL^Vl ^ JLi-Vl l-^j j 

.jjI ^ ^bJL Qa^Lo ^vii ^iJii-'if al yS/l ^ Jby 

jj^J ^ V oli ,y ^Ul Jjj*s51j i-jL-V a^ 

X^J Ol 4.1.57,,, Jl JalaiJl i*JLlj oL5L ,Ul 

^yj> Jbjj tlJjkj .^Lsi^^dl j_^*Jl (^^i Aj-i*j -WLaj ^>^i 

l y t ~j*zl\ £j .si i LoJUp JL?-I jJl a j . i j^iJI aj«_w» J jLj <JL«jlp-I 

LJL* (2 J >L>Jl) ^^.Jl 

sJlA Jli t^^il fy£ y> jLipVI ^^iij ii-Sll Ufljt i_j>uj 

Ls iiJKJl ilajkLj iL>jL>t<s ^.p ol ; lU:< J^ a^U jlS oWjl>«^iNI 
jal « 11 .vj aL«JI ^iJjrJL^I jl aJocj jl ^<jl>uJ| lj Jlp l j£jki 

aJ^«J| jjJLj^^Jl aLwoJl ^jjJLj ^-fcJJ .<i ^1 ^1 jiN 5JUJb>Jl 

(Public ij*Uu>-Vl oL~.LuU J t^jlJuJli 1 aj^j^JI oL^^JI 
.U^jpj AjLijJlj a^jJI oVli^Vl^ t Events) 
AiU»l w Sj^JLJl oLJLU^Jl AiU»Vb IJLa 
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jl JLiiJU c-^Jl ^iiJL? .^JLWI J <JL»JI oljJoJl o,*J 
L. lili (jLii j! SjL-i- ilJl 20 LfJ Jj 2j 1 ^jJbfJl 

(Maximum Total Daily u*y, JL^l iV 9 ^ o^*.... 

£aJL!I sJLa .Demand) 



L>|jia jl jJL» <A fell ^ 20 (_^* 




25 - 35 




20-25 


JUjj Jjji- 


15-25 


Jl> 


10 - 15 




0,015 - 0,025 




(Hofkes (ed.) (1981)). 
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<uLLo JjbcJ *LJ| }-j->^ LiLS - II 0^ liLi .^Jbi«^~» 

SLa*5LJ <jdj^- ti*L- ^ L-JUall ia.M 

. (Peak Demands) (i_JLkJl 2 jl) S jjJUl oLJLki-iJ i^L^Jl 
LL»-p j^ij *L» ^ Lo j^JajM ^1 JiiS L....JI j 

0 l«dlj JJJ1 ol*L. J-sU- ^-Jj oLpL. 

ol l yL*-> JbU- (Rate of Flow) ^L^J^I Jjl« OJj .»L~Jl 
|iL»l ^b>«j L-Jla3l IJLa Ji» i-jIjijLu-I JJj ti*L- 

^^1* (j-Ul ^1 Jj cjLiiJ JSl^iaj ^L^aNI t-liaii ttiUiS 
jjjL^ iiL^| jUflJ tits') ol j^Jl oJlA J^U- ^bb-iMl jt ^jjJl 

^ylaj ^jIaJ la .... I ^JlC- Mli* 1 ji^H 'J>****^' 

. (Low Flowing Sources) i^>\ ^il i-jL-JVI ji^u> y jiJl 




/^^iJl 80 j^>«j J^uil *Li j*^s jl jjf-^ 
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.iiJl J 15 jjL>«S 

I^^i* (Jals jJlA 4lj| ^ 15 11*-^) (yjJl iwiiaJl J*^1j 

1.15 x [(150 x 80) + (150 x 20)] = 17250 1/day 

17250/24 x 60 x 60 = 0.2 1/s = 11.98 1/min. 
^ .(1.25 x 11.98) = 15 1/min <_^1 




ii^iAj 3 jJaJI (Borehole) _yL»Jl i—JS jl t jiJl , 

^^Jl L_JLkJl ^. .pJl /^^aiJiJl /l^sJ 18 JJbt^j JJLJj 
.pJl /ijzJ 5940 J L jL-» isJl ^10 jJUl JLS^JI ji JU^Vl 
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oj -Us la - (j-^-* 1 (j^ 9 oLj-oJl (JjLxj JLaJLxjj 

^SjlJLs ^isJl c-jjiJ ^loiu-il ^jdj .c-LJl t^^-. ^ji* dU.fL-.Jl 
Ot *LJI 0L£«Ij 0l» tO^^Jl ^JJ ij-UJl < r ^->j ttuJb Sj^asmJI 

.(1.6.3 jliil) 

/ol ^JJL Ll&i Jjl« Jl* ol ^lUL Jl*^>fl s-^ 1 
^1 ^JjiJl iki ^^Ip j^J! <LJL&i9-l oLiL^>Jl cJLa ,<LpLJ| 
J|jJ» ^JL. I^^L, ^LJI JLp t ^-^Jl »-JJaJl J 

0 0 0 t 



c^j*i-l oLJl oi* d\j (i*LJl /I^lJ 1080 ^1) ;JL« /fyJ 
jl>J| O^SL- 5940 i|jL-Jl ^^Jl t-ilaJl j ^di tj L ^ 



5940/1080 = 5.5hr. 



(Demand <wilaJl s-L^ u oJLa J^^il 2 jii 01 
( _ r U \jLa»h $ IjJ^ ^l* .(^JLfL^Jl iS-J Jj ; 2^!l Pattern) 
i*L- 5,1 JllJl <_yi*) oL*L. 4 <Jb^>- ("-fr*^ 0 f k*« 
J"5L>- i*L- 5,1 j jLfJl cjLsoii^ jjlp aJj»-l j i*L» t^L^oJl ^ 

ii^a* ^Jj <L>-UJ| j&Aj jl JlJJI* (; ^SLJl f.L-*Jl oL*L« 
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^1 ^Llil I ( « k*; SiLxJl t^LLi.^ sJLa jSl dli i j t 

(J^l .i... !?! ! JjuJ Ujjj .ajjJLSi tjJJs 
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loJLio _ 1.3 



i-^Jl jjUaJI - 1.1.3 

I j, l .,<? a j\z>^ jl jJU^° |« ; « i/*" ^ * ft ( o jl CjI jlxiJl 

oLJl jiU^J i—J^I Jv"il li* t^yj US*>L 

i^Sfl jaUaJl £. i»LjVL jt t.J^-j ^LJI jJUaJl JL*j 
5jj .(2 J^iil jLl) ^^i^Jl r> **J »UI ^ ^iSu L. jt 
5iU]| ^ ^ iwij_pi j] >jj^ i»JLJl aL«Jl 5JLj ^1** 

ii>Lto-Vl oljaVlj oLjL*^! iUj ^ y:--; U»- ^L*v» 

V ydlj oj^Ul ol^Jl jt r ljdVl ^LiJjV jt *o*buJl 

JUl*j t)1 JLaJI ^jA ^vflJ tkiiiJL! .(^J^l JAJLJI i£y+»J> ^ ^jfi 

JL>tJj .-Sj jJL» «Ljo iJLJ ^jL* J-«-*j ol lU-< >L»j itajjj ljJLyflj» 
jiL^. o*>L* ^ULaj i(1 J5LUI) (Hydrological Cycle) li-iUJl 
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S _^>Jl j^»Jj>-I jLljj^ »■ j^Jl jyjiiL 01 t <b 1*^4 

J^J J*aiSM ( _ s 5^L«Jt ^r^jJ iJjU^ jjk 2 JSLiJlj .J*«JI 0* J 




jS. .10 

•j-^ujjl jij .11 

**oLUJI t-ij^ .12 
<L2j .13 
J^JL. .L jis .14 
5J j^J «LJI OjL Jj j>-AJI SjUI » 
SjjU oVU. ^ 111 JLfji V *• 



42 



( y,li,„ II oL-JL, iij-Jj ol^^Jl jl t^LgjSfl jl t Jj|JL»Jl 
^ LjjiAj>- LU .iJLi SaLJl : jUijiVl >L» • 

IJLa .<JSj~\ Ji Jf»^l tjbi~< jl t_. ^a'aWS : »Lji]| jl ^Lf jJl ^ 

Ixai Ls*>Li o c-LqJJ j J ,/? o ^ ixji^Jl jLLoSfl 1L1 ^Ijjti^-I o|j 
.i-Jl ^il jJoju J'sU- (SjJj) Jji^ fjlkJ JSJbS ^dl OIjJLJI J 

jjjj ' Jtdyflj Ji JLJLj e^jfS jLLoSlI «Lo 

jijZ V LoJtl* JSwj JLio jJLya* ^yk jUa^Sfl oLo j .LfTaK 

.Jj^JLo 0 Lojn* jjLh»J| 

Jj-b c ./i'a\ 4^>Ja^i oLo jl jLkjil «Lo ^ j : ij jjjJI «L*J1 • 
i j->«-<>-j (Static) jSL» jl 3 j"e-...a SaLJl ^ J ^ j >u ^> j^l 
^^.iijj Liil fLJl ._jLjj tLf, j^^Jl obi jl ^-r-J 
.|jb>- LiJaj djLij^Jl jl <_jL-JMI Jjxji (1)jSo jS j t^^i^jJl *LJI *5 j>- 

Lj^Ji y *Ij V ^jJUaJl j (J jiiJl J*>^- *LJ| c-iL-Jj O-J- jj^aJl 
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«Lu Lii^Ja itajjj oL<JJ 
j,l i/H ^Vo <L5jJL» Lfcluo ^JLjlj jl Jjj ti> jJbJl ^ JaiL>o 
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.WiJ JJUII 



•Ull Jjlj. ilS^k J. 
?.UJI ^ y£ u 




MS 



jl/j .Ull jJa-. 01 J* 



us- i>j51j;j jU^Vi *■ js-t- ou~*. ^Jj-Ji u>uj o>J gjU- 



U clUb. J» ; 3^ 
Oil 



•ILL*. .2 ^ x^i u»u j. cJl5 01 
1> 



3 -Ui.1 L-ll. ^ fi 0) 



X^ 1 s" 5 J* J* 



fWiJIj 



.UK j-il OK-Vl; J* 
i^lj^JI j! i liS.JI 



U 






L.L. jSi |J 01 




4 ^ -U»l 




i c 


(v-U. j» UL»J 





.. . . , ljl> 



I »JV f>l J* 
□ 



I 



f c luJI .Ull fUii-lj 



e^jijjAj i_ 

/ va JlllyJl r lii!j ! P' 
?>JI^JBjl 



^.li-yiJiljdlOlJn 

I jjOjjijjijjl t/jilX 



liiljiVl >jS J» 



ij-b ^-Jl. jijS J* 
Jl^liJ 015% 



1 



ijS. 15 J»- Jj~ll .Ull 0) J* 




6^ '5(j- 'j < 
1 


fjjLii ^ 







-> 



I jl. 25 j j~ll .Ull 0) J» 




I ji 60 j*** ^ j~H .Ull 01 J» 



V V 



L-t. ^ ,J 0) 









:2 JStill 
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7^ ju»i Lei. j.Si o«i (J oi 



SI J» :S y 
>J ijzJI 




t_.ii, ^ j[ 



V^Ui J£i (SW) 



J 1 ! > J* u& 



>' 



I 



Sj- jljU UM jj4j tf I*. 
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jjJ^ 4+a3*i (_,sL» j-U^» jLii-l 

'^Jl jij .(2 J-^iJl _jJaJt) ^oJ^-Jl i^-LsJ oL» ^ L° 
mUj .(2.6.3) *j»Jl ^ jJU*Jl ijiy. ^Li iv>UJl oLiMi 
jjjLB ^ULa cJtf 01 .LJI jL^ 1 f+J 1 «>• W 

•LJI LojJ - 2.1.3 

: ^l^. Jl .LJI jjU, i^KJl olJ^LJl ^«;./t- 
oLxj^JJlj tL^5LJl J-fc-Uj (Pathogens) L* J-.-JI oLsKJl 
^ i^JLJlj t y..;U!l) oLiL~^L> tiJLiJJl OlJbJLlI (j^^jjj 
3 £^JI .oLV>LJI ^ L^j iCi^JJl oU»LUlj oULiJl 

.^Uejl oJlA J^liJ jLa^-l 




jl LpIj^JI VL*^I oLL^JI JIj; ^ :^LJL^JI • 
L>miJ ojbUl ol Ja»Ji ^LjI jLs 4-Jlp ,«L!j j fLj! ^ <LpLJI 

tj^j-j Jiij ,ij^>Jl aLJl ^=ry OL—j^Li S^aJl (^Jj^Jl Ji*) 
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oLjLJ) oLitj <LaJLp J^-Uj oU^Li • 

.Lf ...... 1 *LJ| (j-Ul (j^aij ^1 kilii ^j^j j£ kilii £« j SjUi 

*l^)fl ^ J-A-<ajj .U^L. aj^S" ijyA JsVa oy^j" 

.iwil^oj *L«-Sl ^yi (j;" J* - * Cx 1 ^ ^J^J J^*^ 

L^i.7^Jl ^0 ^t** £j j-"l j jUi-V oL^ Sal* tilJ JLi 

sii^j . (Faecal Coliform Group) L ^i^ j<U*j> cjIS ji yii\ 
y» j t cjUI j^^I -LiLij lij^b a j L y\* ol ^JaS' oLsKJl oJL* 

oijs-j JlS'jj ^y^j^- j-l^J*^ SaLp (E. coli) ^ ^S" Lii^i| ^! ^iil 
i*^**^! oIa -jS y bit -tylj^l -iaSL^JL; jJ^tJl & »UJl ^ 
JLio jjk (e.LJl ^ jiJLJLo 100 UaJL* Lj^jiSLil <y 

.4J ivi^Jl ob5KJl a^-j JU^I J\ ^13J^ t »Ul ^ a^jjS 
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oJLa ^^1* J _^v^>Jl L-JLkijj (E. coli/ 100 ml = zero) L^SLJl o JL* 
^ .^jJL^iL J^Ij glj* jS *Ul cJj^j LojL* LfcJb i^rJl 

^ JUJbJl ^ ^jj .iji^Jl jl»LuJl ti^JbcJl ^ j iw«j>wJI jJ* 
E. coli/ 10 is- ^Jl tii^Jb ^ ^->o 5 j i-jU-Jl ^ji 

E. 50 J ji; ciIjjT,.,; tfjJLJl jiUoJl OJj .Sf^ JbJ 100 ml J£J 
aL>j)f iL>-U «—l iLi Jja ^ g-LL^J 100 ml J£J coli/ 

^ ii jJbJ j! ^o^l IJLa OJj .oj ^Ul SJLi t_a ; a-Uj J5| 

.(6 J-^wJl) J ji\ jJU^Jl oLo *>JUj. <_)L-»JL ii-Vl ^ i ^» 

^1 . « I 1 SJL;.^ (Kits) S-JlJL^. ol JJLP p_Jl j-ij-^jj 
(Testing) u ***il\ j (Sampling) OLlpVI JJl JLirJ Ijl^ LjjJLj 

iiaJkLi 0 0l CjLv» jj>ii!l a JlA 0J.J ,i>o>iV' 'jj^i 

a^i oii ^Sfi ^ jujbJi 4.i ^ u/iu^ 

^ «JLi4 Sib ^jli ^jiJl *Ul 0}j y-\ J5l^ * LJLj 

.jJL^xJI 

,J ►LJl i-^jJ (^j-^iJ ,^JlJ| ^L«jl»\I Op t(JJjJ 

^j^i tf> %Juj .iJjJL«JI ^.oJl L^JL-Vl j 
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*LJJ ii^lXil ^Lk^Jl ^J^l (Sanitary Survey) i j>^> 

jlai- *j=rj o*^* ^ 'H* **irM oULdiiL; .Jj^LJI 



(Lloyd ^ *^>t^\ izAs- J. ..oil J «JL^- Jl>*j j 

dJL^j ij^^Jl oU> ^iJl Ol Jj _ / **Jl ^ . and Helmer, 1991) 

jSUj ^Jl j ^kAjl ti) _^kJl viol j>J 11 oL-jL_Jl jl <_»j ^]aJl 
. (Periodic Sampling) J^JI 0L»Vl *LJ| *J jj; V 51 

jUwVl *L* - 2.3 

01 j?-SllS') (Ground Level Catchment) L^o jSfl ^La^l-NI ^1 

i JtJ ^ J j l \ dL*ji (j^j (^1 ■• • j_p-^i oikuj jl j^LJij 

^» ^Is- JSLij <— — Lo jUxo^l oL« ^|jL»^Lu-l 0J Sal* 0^ 

.5 G ^JI J SjjS'UI c/ifUJl 

^IjjSlLS') 4_>r la ,., « ilj OcjijJl jjJ*-*a3\ *ljj»-t jl JLjj^jJl 
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LoLJl **>j il J-»-*-N V^f^i Oj-^j til ^y^i * 

^ ^Uij .LJjlSI ijJb»Jl ^^JbJl ^ JI^V (^^^^l) 
iiLliiJl i^^JLJj oL-<Jl ^-fcjjtj tijisj tJ-jjjJl ^ . « ^alJl J*5U- 

^JL>sI^>j olpj .Ljjli 4jj J J <*P^l!l t j&»*i oLi*P • 

4j ^JLqJI fiL^Jl IwJ^JtJ J ^J>J*£*~..»\\ A-j* ^Jj itUaSj A 

j JlSJLu lij ^JLj Lo lil 4JLJL3 0 ^lx> jJ-va-Jl eJL>- <Lp 




'. LaJlP ij**! li jUa^Sfl aLo ^L»j>rl^l 

j til-Jl J">U- jLko^l JjUj! c^w>Lo iaju -is^jJ • 
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jLfl]| ^jiaAjt jl jjJail jl iw^alil S^~$o oUajijJI £^ja~Jl ^ju^jj 
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i_j ^j! »^>«j1j 4j_j1Jj oil* i-jIJjaJI l yaj^3j .(3 J^LtJl) £tk~Jl <iU- 

,£^>*iJl j $ ./> j\ jlj>Jl ^1 JUaj ^Ul (Downpipe) ±Jtjj-&3\ 

t-jlj^aJl p_^Uaj Ja^-j| j[j . l _y£>yiJ\ *fey> ^pOJ Ji t ^^Ja-oJl 
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c-Jj (^Hl) (^JtiiJl i— 'Ij^Jl aju^j i^r" (Deflector Plate) 

oLJl (>^d ^I-^J ' ((Fascia Board) J^^rj i?-^J ^ 2jl* 

.(4 JSLUI) ^kJ ^ "ikiUl 
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d^. jlkiVl >L> & JjS/l i~JJI .1 GUIs) iUT fc— S .0 J^*, blJL-J giJ .j- 
JJLUIj t^sVlj JJJi v Jit Jib > (fjM .L_^JI LJj| ^_L^ 
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<LLfj C*->«J <ULSLi ijSLL- AXjJi £-yC> j ^SLojj .jLkjoSfl y> AjIJj 

oLiLk-sJl £i*J t s j->-L;j> ^j^-saJI *J jj-j J-J <~-> j-j! 

JLJli j^pSII ^ iSLiJl oIaj t^^^f^ail J^i-a ^ t^JlyiJlj (Debris) 
jl jjLj Ot >>j jLi^l dlJLA j .(5 J5LUI) ..i.h^tl 
Jljsi-N oLJl 0>- ijjlf <y kij- LfUai j^^Uj c-~jL;S/I 

(Sump ^» ^ ^1 Ji^L ^ ^kjl * ^Jl J-»j«j £)t 

.(6 JSLUl) Pipe) 



t_ajL~.il i_US 4j>-L^» 5i jjua (jtH" <Jj-^» (j-* 1 j * . o?tJ 

.Li^— ilaSLJl jlkoVl 

i?-L«ji Jb»-lj jZaAji jIjJUj UaSL»I< I jJa* cjj 

t^UJl <>» 0 3 8 Jaju (JL- ^1 JL.) ilii ^ (>■ J^lj 

JakiwJl _jJLj | As-L^o cJl^ t<Li* .iia^-Jl Ol-Ai^l J*'^* 

t750 mm (jy...ll ^LJl J^k* Jjl« olj 8m x5m jjLj 

5 x 8 x 750 x 0,8 = 24000 1/year 
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24000/365 = 661 1/day j\ 

S^iaiJU tiilS' iL*5^l cJl^ 0L* UJ"iL» IjJlva* jlk^Vl 



(Lo_jj 137) ^^^-il (>• t-»Lisf J-s^i i?-L>JI cJlS 1 liU 

137x35 = 4795 1 
.4,8 m 3 j! 

iibJl oJL* ^ t (Factor of Safety) d)Lol J»Lp aL^I jllpj 

•JiSlI ^ L*£» 5,5 j w*>LJl ^ OjS^- 



lj eJbj^j ^£*J (j^jSfl (3^i 0l^*«-!l 01^ lili .<J_P-<Jl jl 



l_JUJ| ^ JSLU Lu^ SJjlJI ^\ >SlL .Li£U .LJI ^ J&i 
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.(iil^Jl 0>Jl JSI > Jj^ 3.5 »j«Jl ^ >Sl iJ>Jl 
Olj ^J*** d)L^>Jl ^bL iijj**-Jl aLJl <L* _p t ^.->^i^ j IJLa 

e^Jl JaJl) 4jj_s£jJ| .ilj-Jl ixjfcS" ^J-P aLJl t5^>«J ^ 

.(3.6 
.Ul _ 3.3 

IfcJj J^jJI Jfl>j »W ^ - !- 3 - 3 

L^V t<L2j i_JUl iJ^jJl aLJl OLs tllLi a^£i LkS' 
oJL* CjLSL»Lj .(2 ^j^JI) i;-^^^ c_j J">Li- ^y> cjy> 

ob i_j jj J^U- c!j _jJL« *L tLyij aLJl <y Ails' ^^-Jl 

i** ^^^-Jl oLiLSGl ^» bJL* oL Li* tJv^J V ^Jl iJL* 

a jl yJl Ssf jJ j^jJj t_. ^-J £jL '1 aJL* Jbti CjLJI ajjk O J-o^- 
i.»<.;iall oLSL-jSJl J^?-J (jpjjj .»UJ| (_J AjijcJl jIjaJI OlJ-iij 

^HJ^I iV V 1 * 3s*Lh *A j^-^Ij kr^ 1 t/» 

igJ*>L> ^* aL*Jl aJL* Jjl>*J L ijijJ>Jl aL^Jl ^ olJbjjJLJlj 

SJl* jjSI J ^J* _j»Jl aLJl ^ _ji>J JtS v(_j cjMI?- j 

aLJl (J*!»«J L\j| °jLi j;* CjlS O^J j^Sl J;lil«Jlj JUJbxJl 

■L*J| 0^ it ^SL»j idlljSj . 0 ^Ui\ j! ^IJLAJI Ljj ^Jmu 
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i-i ^jjV^oj i ^jji^-l j2l>- Jls oL^ij^uLllj SjUaSI 

^Js- oijk iiL~«Jl JL»I*jj .1 ^io (^J*^ {j£ jjJl oJl* ^ 

li^j "iLli ^yLj <L>t-^aJl ^JpUmJI JL»i?-I CjL» 25 L^jj^jj 
iJL^LiSl iiL^sJlj q ^iaiJl Oli tLo^j 50 Ji 

ii^i^aJl j| *Lv*>Jl ills- ^ j .|JL?- 5^Jiv!» <J5Ub oli 

iSJII* tj^iLiJlj <tli<Jl j^kv^l J">U- it>jii^\ Ji— b kL^>- 

V j . (Aquifer) ^LJl (> *5LJl jt oliJJL 
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ii^Jl oi t , ,.,->- j\) u»- iLiiJi ii^l J5^^ J^s (>• iSj... «« 

ioJaiuJl i-j^l j . (Groundwater Table) ^>Jl *LJl 

Jj^-J ^ j_>Jl fLJl JLiaJ jJLl-j Ji . (Uniform Granular Soil) 

Oli *4j^-,aj| (jjJLiJlj tLyosJl o"5LSLiJ ^(Sj^ *f ^ 

jl 0*>L» jjSL" (>»^o ^ ^y>^\ f-UJl JLki Jvij j^j 

oL«Jl Jt . ' . T .n LaJLIP ,j0J$\ C^ 4 *" (-5 J""""" (j* <J0J^\ ^ a ~ L * ->'" Aj>t '' 

01* ISU. .(7 J5LiJI) (Spring) fj^S ^ ij^' 

LSL. (jJL*a* cJU>^l ^ JL*J J*>U- ol^ i_jL~J| t^XSJLi 

JJlj-kJl Jj->- oL»jJL*_«Jl ^ J-jJj 4-j 2.3.3 >j^Jlj .^jS/l 

Lf* j ^jL-sO ^ ^ { 7** L_»-uLjl JbL?- 

^|j*jLij (63 jXiJl) jj^JLji«w«Jl i_j ^aJLi <pj_^« ^ iJiP 

ii^>Jl aLJl J^v»jJl jJk J-vai^l Ji^l tJ^d £H^I J 

.(3.3.3 ^1) >~ ^JJ jl (4.3.3 ^1) jU (.iJi^-L 
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AiJiip jj^SUl ( _ s ^~ j (Impermeable Rocks) 
j-^Jl U .(8 J-SLUI ^1) (Confined Aquifer) 
<ui tLoU: £-^<>j jj-^aj^ (j-oiCo (Artesian Aquifer) 

^j&ji ti-^>t-i i>-jj 

jl £Jiv ^Jb L"**-^ k-~ii-5l I i-» j j-^jj • (Artesian Borehole) 
(Upper j^JLaIS LJLJl ijLLi_«Jl LLJaJl J^Li- (Fissure) J^S 

.(8 JSLiJl) Confining Layer) 
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:8 JCjJI 



0— 

jl iiJL>Jl i_j ^1 ^ «Li j->Jl oLaJI Ijlp iJLj j Sato • 

.5 jjj CjLaSCjj Ljl^Jl CjLt«j>tJl 

jl L^»V iliK, J-i^tJI »M Jjh^^I j^SL Ji • 



62 



ji^Jl i_J j 4^. .tail £^)bJt IJL*) <LJ_pJl oLaJl ^b>>j • 



titJalJl <y ii _^>Jl oLJl J_p- oLo_jLmo ^ jSUj U (j-oil ,^1* 

JU-3 

LJ^»JI oLJl (1 JSLiJl) ^ki^JuJl ji>LuJl £hMj 
l^o IS jjAil (^bJi vluJbJlj tSa^-^Jl is-jiUl jl/ill 

^jja SJLis 3 J- : ^ W )-' **J^9wJl ijj^il i!L>- ^^JLp Ufljl <jy«jj| JjL>- 

JbJi* jSII ^> *1\ ij t*>U>«i^. 1^1 yL*]\ t_jfcJ i^jJlJI 
^1 yk _^*JI oLJl y yJLJl j^j^il CjL L» ^ j 

; ykj aLJl aJL* 

(Driven Tubewell) JL^Jl o^Vl ^1 • 
(Jetted Tubewell) iiiUl '^H\ jSJl • 
(Hand -augefed t^jJU i_jLiJU-j jl ^jJ-Jl j_a->«Jl i^-SJ • 

Borehole) 
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(Machine - Drilled Borehole) JVI 

(Hand - Dug Well) L jJU 5 • 

.3.3.3 ^1 ^ oljL^Vl 0 JLa 

^1 jLVl ^1 J«J j ti~-L. ijj Ji-ta Jl 

iJLiiJl ij^JaJl : jjs-Jl oJLgJ <Lu«Ll<JI t_j^Jl J^Uj 

10 (>ju iJL«jJl ji t (Rocky Soils) hj^ai\ ^>j-i\j (Heavy Clay) 

AjU 15 _ 

hJj> «Wellpoint» ^a-wJ i^U- y> ^Jl j^] 

LIS Jj i*iLi c~~J iiL~Jl JLu^SlI jLVI D| iiJ*Jl 

A> _^lJI *U1 Ji^ L>Ji* ^jJI «JLa 0 j : S-y^ jij 
^Jl II* Jr^ V^' a* 

i_j ^jf oUi^i *LJ| ij^jSlI jIj^II 

ola t-. i^lSI iL^kil ol*j .L^jjJLJ ij^Jl ^ e^L*- 

ly* 80 y> p\ J\ cj^ 1 o^H iJir^Jl 4*pLJI 
V (19 JSLUI) ^Sfl ^^il J"^ ^ s ,.a:7]| ii> 0} .J**JI 
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J** ijh V* V-r" l#* 

J^La^j oil* 0L*i~«jj .^Li! (1) j-Jii- J I 25 Jbjj 

oi-A 0LSL»L> ,S^ : .< jjLs- pi yfl ; a JJ_P I n . .mV <LJjjjJ| 

Jl N j—JJ j ; jj-it^aJl jLij»l oJLP j-i^ oL*aJuJl 

4^»Llo ajjJU *J*^ju> i'^rnl ' 0"* jLo^l 

^ .fcu* l^s, 45 Jl JlkJl ^ ^ J»J 01 oLJl Jl ^LJ 

c±0JJ l»Lo LfcS Jl^J V j£ U>- %«jJ| ybJl Oj£ ( _ y suu h\ J^J 

US' .yi>Jl o jiJ Ails' j^S JSwj JJLS j OLjVI s jjJ ^ 

jfle i _ r Lp LjjJl jVSIcj O-p- J-OlU <1jL5 oU*l*Jl eJlA ^^oju 01 

.LjJLi £*j-»-Sl J l^../»^j t(ol tiLj) 5i>-L5 
jLVl J-l-aJ Lip- jaL,a*j| al* : 8jjis*JI jL^fl 

f-UJl >J^JJ LgJJLP J ■>»•»- T 4_!L*J| sJLa JjJ j ,^jL>J| i_j j-flj j ijjj^lSfl 

L»-i t^^jSll ^iJl (J^li j} AlS3j t^j^jSfl J 

.oj-jSfi ^>ij- i«-w.ij i?-L-uo jl* *lji ^ c-JLpSii jui 

Oji ^ jlfJl oLpL» JbL?- Lf*9**<i ,^SL»j p-LaJl £y> 0 jj»S ij*S^ ol 
.JJJI tVJl Jy>±\ ,U ^ jsJI Jl 

" * * * 

jJUj _ \j*£ l-Lf?- LpjJb j^JI t_iJL>u j ^fi^- CjLLp ijj*.*..." Ji 

jJv" 0 LjJl Jl «U»)fL _ J** ji* jS3 ^Ll _ JU-j 
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^ 40 Jbjj Ja* ^yip »Ul iyrj fdju JjLi LoJii*j 
(1.2.4 ,j*Jl) ;U.,.,.1I yjJlj J^l ii> f |JL^L-L Ifu, ,UI 

^♦.^ ^L-** _pju Js*sj dlJJL! L-Lji ">Ljb 1.2.4 *_^>JI 

. (Blair Bucket) « jjfSl 

t yLsdl t-jJ^aj ioJ>«lA-oJl CjLJsJI ^ JbJjJl (j-S^P t^Pj 

iJ^>Jl «L«J| C*i>rj ^ji>Jl ^ 0l »-^>«i .jjS^JI fLJl (jliaj 

^^jJl *LJ| (jLk! til-Jl y tjLL>Jl Jvai iiLf! ^ 

*LJ1j (ijJ^I ^^isJl JUj M >^-*«jj .'t! lS^^ tp» 

^^il ^tJi ij^fJi «L«-U t,.*^ i>-L»Ji i^.iUt" 

iiaJ^JI J^jL^Jl (iUIS'j ij-LiVl ^UmJI 3 Jj-A^Jl 

^Ul .2.3.3 

^jJvtSl 0 ^ L«.AiP JVj it ^jLiJLs tiUi ^ VjJUj .(7 
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*iLt=Sl j^^Uj Ujjj ^jVl <y <^.y ij>rj 

J-^l ^ ^LJI U^Mj 38U-..1I >J»l» aju'tfl OLSLJI 
.^iLM J^i Ji! UK j! Ss II J5l>. Ulb cJIS 

^»lJl 5jUj>- i -7^"_^d LoJ ^y>j^\ ^yi* (_jL-Juj (JV^ **■ >^ 

.iii jliSl ot Oji >U!l '■^H**-! j*^ J^*-H 




.^^I^T.-oil *U5l JU»j| 5JlSwoJ ^^-^ilJ • 

jj-LJ j £>~Jl j>» *U!l (j^f^j <^L!i ^ <>«»*^ 

iJLji i*5^3Lq Zjjba t-iijj Jlxj ti^^^-j Sjl^^Jl 0Lij>Jl 
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' La* la -- eLo i «C^o jl t^-^JLjJl f-Lo (1)1 (JU^-I J^ J^3i 




Y- Y jUJI 



. Shaw (1999) : jJL^JI 

t6.3 *_}»«Jl J *L>- U£ <Cuo ,ji>eiJl j *lk* ^^a*** 

*_jU- jji>t-i ^..ig'.j i 1 jAj ^ SJaiL»t_<JJ j 

.^jSfl c^J ^ »UI *UJJ iUUJl iiJaJl jIJl^I Jl* Jsll 

iii _^Jdl ^ f U!l Jie- Jas UK <y>j^l <y UL»* ^^Jl OlS" UK _> 

(_S* jjj^^J j_p*-^JL «-,_yU (3^9- jl u Jl 

JjiliJl _j! t_J jJ^I j»Ji^Lw«jj .(9 JSCjJl) S»w>U| UjjXSGl iaJaJl 

.6I> jl £p4*s Jl l+Lj^ j! t(10 JSLiJl) »UJJ 

5il* iw JJa^ jj*J ^Jajf^Jl SjjlJl C^»<j j\ til tiUL$ J 

i_j ^'S/l 01 >>«j LK .j^>t>Jl Jp-jJi^o jUtp-l ^Ji ^|ji>ti^l 
( _ f s<aisl J-**^ C^**" ^ ij^' Cy ./i** 1 ^ * J*-'' (3~Li>«Jl jl 
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y*^JL <-^j> jMi- J\ 4 ^U^J (Overflow Pipe) ^i\> >_j ^jL 

. i yt~Aal\ t>\ y — o j ji $ JUaJl ^ ij y*~* £*^> <i&>J 

j C. ^-iJa-Ii j-jl (_J j' . ... « ill! k_ ^>tj .^jLIs i_J 




■ jl*—!- 1 
J.5UI JJJ. ft 



/ -. 












JI ,J J^JI *^I_,JI isUJI J-^LS 


:10 JSUII 
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J»jsV) ulJL-i L >i ; j 
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jljjL>- jl Sj^Js jjJu* *hj l»£ .(11 JSLiJI) L» jL^>JI 

(Spring Box) LF Ji->^ (ijJLUf ySy ^ ULj^-T flijj 

Jl^ <*J^>1>- ^« f-UJI J->-*Aj £t^L _)!.!>- jj^o 

.(12 JSLiJI) JjJi^J! Ji»b 
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V C)] ^j^Jtil {y> i_j ^i!Li JLfc*L ^Ll3l Jilt (t-f*JI 

l. isu ju* ^ i^sai uJoJi j^b >ji 

,1 aiij i^Jj. I J^S^J\ fie OU ikU ^ iiJaJl aljk cJLij! 
iiJaJl c_JLj jJaj- Jj^aJl jjL>Jl IJLa c-JL»«ijj { *al\ 1 J ■/»'; 



J>\ g^>«ii i«JjJl /yJ 2 OL^f- Jj« 0^ IS} 

If 

tl jiJ 20 ^ly Lf****- (Jerrycan) i^uL/' *J~J JSLia 

IjJlJ 2880 i*L* 24 -u^p clJjJI ^ . ; . II 

JL* ^^Jl ^JLi^-jU L»i*-i 140 L. ^ t (24 x 60 x 2) 

f|j_*Jl *JL»- J^iJ 20 ^ ^ a^LSl b\ (j-L-I 

^ «LJI £~>*j" <^>- jv- b y 140 JI iVL>- i-JLJ pbUl OjiJl 

i_J jlLoil ^i^j./ail tkiilJL! ^j^ij .41* L»i 
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£L^» 5j«jLJI i^LJl eL-«Jl ^j-o^J t-ii^j L»JLi* tJLiuJl 
aL*Jl ^s^s- Ci\ (^1 tOLLJb 660 j\ i*L- 11) U-L-^» i~oLJlj 

JUjJI ^SI^Jl ^j) IjiJ 1320 = 660 x 2 

8 _j ^joJ&c^j j ^ bL» 4jJ jlSI /I jlJ 20 JJjl«j I 

OVI v,5Uj liSUj .ipj-Jl ^iXj ^ »UI ,_,ip 
140 Jl ^b^j tJSlw 10 Jjb 5Jb-lj iaJjb Tj=J 20 
.jv^aLo £^>«J i»2s pJl (ipL- 2.33) ilia 140 ^1 

I jid 1320 jjk g^jj j 11 tlj li-^s-j t(j ij»-Li 

66 <uLiLJ *LJl ^ Jaii L» byZ*^* <uli hjlLo ^Lj jllp 

L lijj .^JLs-l ijLlu- Jbu fUl ^JL«ii V ki-^j 

.JLLLdl ^ /fjiJ 20 Jju 

jj^j-. (Ills' (CiJl ^Ul 

.(JltJl i> 
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ilii f Ja^j *Ul Ci ^iJlij tiiJi i^S _^Jl j ^^..ail 
,_jj^o Ojj j^r-^l ^^...Jl ^ *. dUJLj ,<A* JaL~Jl 

•staj^" tdjJLl* .(.jj^jL 4j i^' fi'j 

^-iJaJl i_j j-jl £-*j>j kii-Jj o ./> \j .y>-\ £± y> ^\ ; ' • • i l 

,U3b £j~~il lS^*-^ tJj* t^vajUl (JjJl^aJl ^ JLU_oJl 

^yi ^ j*Jl j CjLSLh ^1 ^oJ (jiUi ixiaii ^cikil <Lk*j UsjI 

i>^L»Jl jl j^o-JLo 100 iS'U-u- c^j^j _5^JLS" SiLLi j 4 SjLo 

SjuA* 150 tflw 

9 JSLlJl) ( ^SLJI fLJI ji\Ju ^1 UkLJl ^ U^^JI 
^ 1L1S £« i^iail ii^Jl 2V*J l>"}b-!l J-«-*iJ .(11 Jiliilj 

5 ^»«- : ^ s _ s -s^-; Li-J I jj. i '. Li jJl»JI ... il y. $ '—^h 
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C^tuj .(13 JSLUI) ^jJI ^ jbut 8 ^L'^ t ^J > . 

al ^ *>loU- ^iJl jj* ,_,» eLJl *UL JU- 

. (Sedimentation Chamber) AJi J "» j>^. •kjj> p-f^l Cf 

tj>\ J _>^J (_^* ^iJI e ./f^ L^-* 

Olji- LoJ (3.6 ^ji>t!l) JLS^j^I BjS*&-j ,i^J j . J}\\ \ ^±jQ./a\\ t\j> 

(jjj Ji-jL*Jl ^ Jjji. OIj^ JL« OU-^J OIjJl^j >jy>j 

^ \ JLa Ju£ jd\ a ^ f^UJl (J** 0_^J (111 t_^>«JJ Lg^ .£^>t*Jl 

^SUj DljiJl ,y>^ alJLul JL* jJarL. JSLlu 0L^»JI ^jJjJj 
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* t- * * 

(^Jb-I UUai«j Jul Jiwo Lj>- yj L2L« Jj-wUJl Jjc>- 

>Jl *Ua*> jl>Jl jIjll.1 Jlp p^j LjU *UI J~»J jl* 

.Jk5 j! S2JUJI jI^JJ 




i_jj^Jl oL>tjlj jlj-iJl j-x-i (_^-«-d jl v_ ^-i t£ 4-j>-lJ 

t J\ Sj—JlLL; 2 j^j j\j (56 JXJLSI) >_ ib^ : 11 

.5.3 *^>Jl J <uL^ j j»j 1*5 J £^ jl JJ oUljiJl j 
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i^Vl jl% >JI y>* _ 3.3.3 



ybJI ^^t) LkcJI ^lyJl 

i^Jai <uL JLuL jjL>JI i_Jii! (J^i-k-il i-ijjjLiJI ^« j»J> jJl ^jJLp 

_ ^-v. nil <,i _'*K j| 

c^Ji sts J! 
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oL^Jl 14 JSLUI .i^^l JLo UTijM 

.(jWl jis- t_.S*l <L~5 jJl 

eLJl ^1 J jJl jjk j_iL>- c-JL? i»LSJ jji tjJLjJl 

h-l*jlj i_j i*-*^ tjT 4 (_j *bj»I ^ t ijjj j^y>- 

JjJai j^s] j^Jj p-?*^ Vj-H^ Jj-b ^Laj L*jj jl jjL>J| 

. (Telescope Casing) 

j! ^jb- ^Ijl^lJ i; jLlJL ij^L iiKis-Vl ^ lJLvJU js! 

oli (Drilling Bits) ya- ^\±»£*j>\ 1JL* ^^jSLJLJI ^i>Jl 

,5jdv> jjiev 5 J"}^- ^iaJl 

(Driven jL-JJl ijjj-jVl jiJl ^JLki—J ^ ^j-l i-j-Lj ^» 
^^JLp La jju>- i\ ijydl A j^j-I jllp j .^b ( v^J^ Tubewell) 

^L, ^1^- ^iaJ| LqJLij jiii ^Aj bij» i^JlJl tOLis! 
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IJL> JI4, .>^JI ^_JL* oLSV JJI> ^ j^Jl j\ 

j] C-JuLo ^0 LJL olil ,^ « 1 ( yi«JL<Jl cLJl ^ 

O^^Li ./» ii t ^^Jl s iiLfi ^y^s- ii^l .r. ol 

£■* \—~*V.~.\ ilju i_jL>&>J1 jjf J j]d jL^-I ■ (Screen) 

JjjJl J^Jlj .SjjUI 0-° >»^l iJl * at ^1 t^-i^Jl 

J OU-^i! (Seal) ^j-^mj ^i»Jl t_JJ ^xS (ji* i_^>-^jl; tijjjj^Jl 
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^J^-J J*S[| Jj-Ij j,i«J^ ^^-u JjiiJl Jjc>- ,y>>Jj 

oijk (jji ( JLi«Jl f'JijJIj .(14 J^iJI) 4jLoL-o» jipj 

^yiiitij JjL-j ^ ij—LLo jis- o\>Lj ojLo ,^.0 iiiai^Jl 

^Ja— ^ jLul JjlJ ^Ij t^ljJlj cJJaJI j^PJLlil 

tj3*-f0 t^^"-* (Irdj-^-i <^Jij 4j*v>LJ 5iU_i t^j^l 

iJ^^j ^Ja^Jl o jj^aj Jlj _jJLr (_$T J y>-3 (Sanitary Seal) 
(Compacted Clay) j^SUl ( ^J»Jl ±>u j .iJ ^1 «LJ| ^ 5 

^ i^j.tf ykj t >,^<il J5LJI CJU-)I .iUJ^j 
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oU^i iJi^uJl liV^A iJljJ UaJ ^d^^' J^Au •^♦-0 

ijQaj ^ (Surge Plunger) oiib iii^o ^iJbkjL-L jl i ^L>Jl L-JiJ 

ij^Jl JJLia J_po LgJ"^ fZ-t ^ ^j-^Jl *UL! 

j jJJLlI £jLi- jjSIj fL<Jl iS 1 h>^j JJlijJl j ol . : ,..->Jl 

SjjU^JI jl>L*Jl ^ kilJJL^j SjJL^Jl ^j-J^ 
J jjL>*Ji\ i^-Sj (J-^* ^Lijl j_«Jl I JL* ^ 

.(6.3 f^»Jl ^1) 4ilk* jLi-l IJLa ^i»Jl .^J? jj^Jal 
^jl>«i*«j M <L»li ■./ill ^J»jaJI 5^>1j>- 0t 
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fJU> iSL-* iilJi ^1 Lxla^l La tt_^j JllJl J~~- ^ j .^iU- 
jj j! (sL«Jl sJLo> twflJj-i^J 4jA LJI^J y 1 ^- iwJJ ioli} 

.^L>J| <_Jj {j* LLju <La*k-J| oL«Jl 

Jiii; ^ .^LJi V ISLJI iJU- J JU jVl o^" >»Ji 

4j! ^ ^js aik «u- ^ 

£UiJl J l «^aJl iajJl A^UaJl flJ&jU Jl* 

j! <JL^Jl ii i_jLiSi i_ ^ijj .iJUo (j^j^ ^ji* (j-iiiJlj 4., /ill »Lj 

Si 1 ,/l *j> j" n . I a 100 aS\ « i.i l LWoij ^tJ i.i o II C^J j-£Ljj-S^Jl oiLf- 

50 AiL-» ^ ti> jH\ v-viiil £/i jjj ^^"Nl ^ I j^JL. 15 <y> 

oLJl iSj^kil «JLfjj .(44 JiLlJl) i^vio-Sl SJi*lS J^"' 3 ^^^r 1 J 
4 _ s JLp-T ^ J ^a> _jJl ik^*j| 5JL*La] jJLLJl iiUJl (_^Jl 

.>Jl ^iJ J^b Jl J>jJIj iilkli 
Lu-^ jj-^. tjj* (j-^.-J^- (^1 ^b 3 ^" (J**^ -^yj .ij^JLJl 
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jl t_JLiJLi oljaS/l oi-A ^o..* tii^Jl iJLyajJl S^iil Jjii 

i*iJ i»L2~.J_j ^i^j yL>JJ iJliJl iL^Jlj 

(J.U jl) cilL-j aL^Jl J^j>l ijj r lJi^,L jjl ^ji 

iJLjJl Ot ^Jl jJLLiJ t^-Jl SJlC- ll* iy> JjS 

.iff hd\j L£ <JL2J ol jat aLu*ML LJjj I jju 
1^1 VJ Jl J ijjUl oljjVl ^.;,^7 aiS^L OJ £.j 

J>» (^»"J ^fibJl <1)LS" li| L»jij tijj^Ji <*-?^> <f--^->. oIjjS/I 

ijL^o^U iJ^j (j^Jj •V^" a ^*^ JUu &y~J> li^J 

j] JUajLo jt ill y Lgl?-b JLJ jl ill ^k—Sfl J>Li 

oiJL^^Jl ol jaSfl L.1 .(15 JSLiJl) Ji-lJL!l JJ i^L. ^.L~. 

.SjjIlJI Jl 4iU)!L l^b *LJI jb*^N 

■ »l yflj (Jaj«JI al j LJ£ j .iSC5LLj j iLptLo ojU* ^jiJl ii^Jl iiljN 

LjJLSL. J| ol jaVl J£ alju'j ^ 0.5 Jbu i. jk: Jl J£ 

^JjSi i]b- J tiLgjij l^CJt -Ai olf I^Vl aJLAj 

QLyal! iLSiil J^il ji i»ilj ^»JL>r*...T Ji IJU iLugjJl ^i^Jl 

j^-^j .(15 JiLiJl) Sj^i^l ij^dl J| ^U?)ILi ^^1 pilj 

jj^aicJiJl (jJL^eJ tit Lf ^alaj Ji ij^l <— J .^i»Jl iiT Sjji Jjj« 
i_Jl]| io_i! jij-lli ^iaJl Ul jji CUJLo t^Jl ,/»T» j jj>^ (j^i 
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i^lJl (J-»^>«-! i^L*-* ^r* 9 *- <j^* jLS^ JUiiu ^JJ-Li i^i^ 9 ^-l>tI~J 

l»JLi!L jl Jj i>SLjliLa i>twi« j»lJL>»i^L Lj-b (j^JaJl ^-a* il iLi>Jl 

~ .(16 j£iJl) 
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_ri-.ll 



>~Jl Jt^i Ji-lj .LJI j^. :Ui>JI 

J^i j^Li ifi^' • 

j-ili >i >M .u)i Ji vwji • 



.Shaw (1999) 
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'(L^- «_^) v^ 1 £* ck^ 1 cj 1 * 

(Rotary ^jjJlJLj yL»Jl SJ-o j (Percussion Rig) jjJL yL>Jl Sjlo 
,_j^jSfl ^^21 «^j>» SldL Ji*^ jJbtlj iLA .k~Jj *Rig) 

AGjAji 5Jl_jla^i! ^yi* (JjZ>*j 4£ js*lji yL>- <*Jal ^JJkZ^Jj .t_Jij jxi 

i_j jiil ^ ^^JLp *jjL>J! <-< ^Jl ^iij iiL>-j 

iiljJa^iSlI bJLa ^» .StaS/l Jj-b ajjS: o II ij^ilj fLJl y^x-i 

■4-L-gj j_|^3i ^-«-^ j jjt ./ill j . ... d! ^JL>bi^Jj .(Bailer) ij-j^JL 

t<jjJL j** d yti i^j j2 jo?- oJL* djl5L«L 

.jjLJLj yL>Jl aJL* ^ iii^ ciLi dji ^y> ^ykj _ r i>Jl <^J_^jI 

oU^.i 1*1 Ji*i iJlJi ^Uu kiUj «U«)IL jrb^-j 
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(DTH: Down the Hole i.. 1 t il J_^li ^ ia n \\ "^>-ij±> j 
^y* j i jjjjJL _yL>Jl j j _^aJlj ^i^Jl ^}*J (_,* Hammer) 
^^ij i5j^la!| oJL* .i^LiSl SJLuLo 

SLi JjL-I ^ i^L. j JjJlJl A jjSl £j*-l> <J}^ (j-t^Uj jlJl iS ^k. 
SLUI Ji-b UiUl y^-j t< j>Jl ^I^L t(Drill Shaft) >*Jl 

L>-jLj- 3 j^n^uJl j^>c^Jl o[ty»> JsuaJLjj .i_Ji!t]| jjiS j— 1» ■ ■ II 

W f^d tiy jLj ik-l^ 
.jU^Sfi J j^i u^v LjU*j iLii]i iJSfi xuJi «s> 

jjj i_Jij ^3 ^J^J (Jij^ 9 <— > jil (j-j ^L5j ^^sa^JLj S j-^Lb 

JSLUI) ^ 125 ^ Jbjj M ciJLJJ >ij tiJVl ^ ^ 
^1 iUia«Jl ^I^-JI aJL* Saljj ^ jJjJI el* cJL** jSj .(17 

J^l l^J^j Lo (^Jl o^Uj ol/JUl Ji> ^) <J% 0LJ)/l 

L^;! LaJ iIaj kiLijj-UfSij iijJLkJi jjxJi ^y> jj&> 

y^,\ c-iJ «K & Jii Lm. tgr.U?llj ob)ll ^ ^ 
j^-o-jj (iJ^iiji) J-«->«-l-! iLLs aJjJl (jAjijj t^JLJl 

|t fll; JjJji LfL« *5LiS jjjJLJLj _^i>Jl ii^Jf 3JbJl aJL* ^ lawj 

.DTH 
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_^i*JI Ji-b ^i^JI _jl *UJ1 ^ ^^ij 

.ji^Jl oliJlM > Jai A*\S jJ»A\ i_Jj 

(5\k» jji >x fy» * 

f^L. 40 ^ -b^ J**J ji»Jl • 




■ y yAicii Jijj ijy ]a r ^ J\ ja- 



:i7 jsajl 
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S y^>- j] l _f>**a}\ -.a.'.CLl <j~?*j> f -t* JltJl J^-- (^*) j*»JI 

iij^] LS *~J {j^s- Stal) Jjjlj (j^>-) iSL-oJl ^Jl 

oj^j! jjk c-i^i-r-J-il cj^jIj .o^dl JJ-b (Wellpoint) .-i-uL^-dl 

AJl ^JLe l_.La.ta j\ k-Jilaj ^Ifl . J l 4_jLf! VH"^ O^^" 

pi ^ij^^i pLil^Vl ^ Lfr.K-.aJ i^LV- tJSlji^ <— ' 0-lA (Jaujj 

(Wedge- Wire Screen) (j^»~4 ty- 1 ** J^^" f lJ»^-*li L»_>Ijl_JI 
>-a ; a>--Jl <_~jlil 0 N j .(J-MjlJI ^ jl J-lJl >-i~*<H 
OU^JI Wilis' iJjLkJl jl 5^1 y, i^jJLJl .ilk; £-v-Jl iJL>«j| 

z^jt L L./ia" t_i^j>_iJ| j-f^o Jlj-j IJL! -CjJLkjt 



Jl (Drive Head) Jpl J*^ J^jVl ^ J-L~ ^ jl« 

iw-jjLi! (_^<aj«-; <_ji fLSjj .(18 J-SL-Jl) ^ L-jLj (_5j-_-Jl Ojj 

Li*j| 4_Lf-3l ^ ^JLjJLs— c-J ^j! ,y> 4_L*_Co <LniaJ ijUflj J»-b 
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(_gJL5i eLJLS j^L-l JJLi i^jjJilZ oJL* <»_~jLiVl iL«JL» J-«jijj 
jjs Jljij i*LJl 4_j yi* oLftj i_j j-jSfl ^jjJLj t^^j ^jLiVl 

(I JuAa 50 - 30) ^jaiJl IjJujt SjLp iwijiijtl!! t^-^Ljl 0 j£> 
diiJU .Lfli-b i-iLlP^I (Jj-lJl ^./lil .-jiiljU. J ■,./?•.; ^r,a .. " *>li 

^l./g^jVl oUi yij » S LoL«J <uJbL» iiL^«Jl <Ljj^jS/I jLjSII Oli 

oijk Lf^uj j^yi* (il^Lp-Vl iJljJa^l (>£*J l ^ J ^ 

Caj" 7.5 j-i-SL; ^ >-»j-" 1 »L«Jl d)I 5-LjjJaJl 

.(2.5.4 ^1 ^ 
^"JLJI J**JI Jl Sf jl yi^ *LU} LL*4 ^^7,,, Jl y> j 

(Ji\yJ>-\ ^^JLp iLjJaJl oJla J-o-«j i_^5j oJU>li c^>t7 ( 2 r «^<>Jl 

tL«A* .Jj^LLaJI jj-Ul 5 jJ Jlj^-I ^LJLij t-j^ljJl JjJaJl 

i— ^jJ> ^\JJ-l1*J\ Oj^o JaJii i-^»L>«Jl oML>Jl (_^flJ«-i ^ 4-il 

^ i>jLi L> jj| i_j jjl jJai ^ ^Sl ^ias CjIS iSjAP iiw2J t^-^J 
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(jj^/k l_J^jSfl J JiJigJl £^-^1 *U-il kl^- *>j^l 

.e-LJlj LfU=- |^ C-lii (jii-Jl V^^' 

Jailj ^Sl! ^Ja^Jl ^yJLp jks^j jl Lfr^-a-J jJjJ^il <U_aj jl jJ j eL«Jl 

iJUjJlj .^iJ^Jl *LJI JJ Sfjt iLitJlj ojUUaJl fL^SlI 

tiibit* iJL^So o*>l^>j iiU^VLi iJi i>iv" Jl ojL* 1 ^^>«j 

Lp-UJ (16 JSLiJl) ^jloJLi Sjlxjl ijjJl *^^J>\ djT V} 

oJla L^IS^LmJ < _ s Jl oL*JI oU$ Jr^j <y J^jI oU...> 

.j-J^sJi <ff iiiji v .A^ 1 J**n Jl v 2 ^ 1 J^. 

a j-iLj* ajj+£U ^jAjljjl i>j»J j ts]|j ^>-L3*Jl ^..j. U«" £y£*_«Jl ^ 

jiJl Jjbw JJLL ^>-UJl l-JI j*? J"iU- ^^7.,^ u „.li;7ll 

. (Excavation) 
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t|^4 £^1 tJl Cx* ' -' " * ^ O^. ***** 

^L~~» ii^Jl JJ-b j?-bJl ,_r^«J («^d j .iJLuiil J"iU- 

^-LsJl S.A*IS C^J inSI^Jl ij^l ^-v^l 
J^^^ajj .^^-JiiJl i^iSjSj ^>t^aJl JajJI ^ Jj>-Ls^J| J-/li L»JUL*j 



<JL>- ^ |jj>- iuLiaJl <_j ^iJl j^Jij jLuLaJl ^ 
iJLiJl oLto^»Jl ojif! ^5 JJLL ol ^siil Jjbo ol 

Lois' <ujjw» jiSl il^JaJl ^vajj .i-jjydl 5JL«_jJl t-J^I Ji* 
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jlJLj ji**/> iwJj y&*± ii^Jaj ij^jl ^iLi ^LiJ^f 

JjSfl LyJBJl l-JU J\ UUuJ Jit SiL*j ^ fc-JS yLJ, .»UL 
iJlSJl S J**Jj .sL»Jl S jj^ J!JU» JiJi ^JUI »UI 
s ^ ^jJdL »UI tju Ol JJ iJLJiil iJU^ 1 J 1 * 
3 Jji»j I^^JLo 50 jIiAj JbJb^Jl ^ <-<^jI tilii* .JJti 

•aU- t-^jLit ^>J> JL. c~iJ jiJ iw^iiJl J t ^isl jl i.jcj>\ 

iLJL- il^l^j >_j _j*iSlLj LfJ Jb Js-\ \u_y J\ ih* Lfj 

L^fiJl JMs <u&iS-j cfj c£~i << 19 

oJb ^JL>tiu«jj iiliwJl J* t-ii J=^J Jf* ill* il\jy>*li 

tiJL^u teJj^jVl £-4Jjl L«JL£i ,fLo (i U ... . Ul U . oJai j!) 

^ S^JL JL*Vl «-» > (J»U»-Ji jf> «^ ck Ji 

.LLJI JjLfJl ^ U- jl*. jJ~S\ jioiJ J=~ b pL> 

it 

.Aju> iij^l ,_ya«J ^Lols- 

J J-a-pti J-fc-^I ^j^' VJ-^' (3-**^ •j J **Jl c^iL* LJLS'j 
i*S Jl ilv>j <iU<>l (jSUj c-s«al t^jS/l 
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jJc- istli ^a.:.* twiJLjLlSl {y> 5-*Jai!l «JL* Ci J 

i_j ^i^j iL>- sJLa .t_JsiJl J-o^j i^JLi 

.ybJl ,2^1* j! fUL LiJLo i_Jil!l cLijl £• 4jLju sL_»Jl 

Jjj- (Screen) Jj^L*- < _ r «-5b ^a. 1 «J fL»^i} iJlSjj^p 

cJl5 lili ,sl*j>Jl <LU^ (J*>L~- e-LJLi It, U c.jtll s-ULj l^j 



s-LJl J Jjbu ^JlU j i-j^Jl i>jLJL»j aJLgl ,., o II (*L«Jl 

^JLp SjjJai- t±jjjj| Ol 3jjj-si-!Li ^j-Jj .i-JL t Jl ^ b>-jlj- 

.(5.3 *j*Jl) 

j^ij-. vi^s- t-JlJl (iJLi«i-.l Lo bjj .t-JiJl y tS^x^ 

oL>diJlj oLaL^aJl n^JL^ui /,»la il jU t^L a",,., a J_p-L>Jl C. 

^*i|jdl (j'jLJJl i-^y SJL»Jlj i*J*5LJI it^Jl <jU nilJa ^-.j 
^jj> QbllS^.a tLj^js- atli JjIJ jjij- ^|JL>e^u.| ^\ iiUiVLi 
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J»-b U» b uw -ij-i>Jl jl _j-*LJt i ^> ^* lJ _j>t* tiL^>J 

pJj*l_Jj .JL»-lj «L»tjVi <j« p-Litl — j j^JJI cJjJl ^ jJ&- i_-i> 

ai> Ji-I ►us 

*Jl*j .i_*5l_^iJI *?L«L»- ^i»J| i_J^jf ^^i*! JJ 

Jj^j ^i»JI SjUpj .*UJI Sjjj 

ILiJUu jLu-b Ji*-! j* yu*Jl\ i^J^jl 



UK oli alj^ y tLUj oIjuJI »1±j l ^SU i • 




all— i jU»i 



.(<Ji l>j3 £y* (j-JflAlJl (j-^* 5 ) eUjJl; ^i>Jl 
. Shaw (1999) : >U«J1 



-a 

LjJb S^^Jl jl^l - 4.3.3 

SJULm LJUjJI (1)1 -J-«J<-il (_yJL* jjji- ^(l-iw ,« ^ji 

JjjjJl jl jJjjUJl (.iJii^l iJl t aJlp .J^-IjJI 
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^J^l^jl JJ ^- ^jVl JjS JjS- 
(jji^^p- l_S^X*-J fl3_J^*J) ijL- j»Jl 



m SjUJl ^Jl ^Uij bUj 

*£Jlf 01 clp|>Jlj t »Ul 



l_J j-2-)Ll j! j-^-Il 
oAa jol _jp {ja 5Jlp1,,^'<iI| 

j' jM 1 u-b 
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£*^Jl i*S*>Lo O^Si l*ij>- lSjJj ^|Jli^-l 

<Jt\Sj ' "u^ 1° * <i-»i»«J n " . . .. < tc— -Ll« jJe- ^3 j^Ji\ o\ Jj- j ISli 

.1LIS3I is-^Ul ^iJD aJL^Jl iZj\y^\ £-J>j£ 20 JSLlJl ^ 

dUij t(iUiJi jJ> Lf iUJ\ pj\ y. jb*l 3) ^-^Jlj 
( J& flia* ^J>JJ fLS^-^ •W^J^J 




: ^ jSJl ^ (.Lit dUliA 
^^Ip J j-^t>JLl . I^jjj ^iJl Jj^j i-JLSLoJ 



oLJl 



<L>Ja»Jl oL<Jl ^Ju« j ijjJl o*^lJ 4Ja~» SLS • 

^ 1 f * : « j jLA\ sj^UI ^ ij^-Sl .t-j-ai^ tyL-^ '*- L ^ 
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Ljja iim oi* jl: jIj .(JjjUJi) ^Sfi jl c^fi^ii ^ slsji 

M ^lijjlj Uilljl LjL^4 li^Jj iLuw a ^Jt\ ^J 1 *- 

^jS iijiajl oJl» J j .»LJJ ^JLuSfl <LJcJl jj^jlS' ^. ,/?* 

^ J J^JG (Lining) ilk JS-b ^iJl j >>JI JL.p1 Si\S 

olJLL>- ^ ij j£i>J\ (22 jXiJl) 4jOj>«JI ji>L£-£ j •SjJ'k- 
^j^jij J Lj^ol J^iti^iLj >(_$JLi jJ ^i-Jl pLlj! ^LU iiS_jj jLl^J 
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J* CM r -r- °' 5 ^ J* CjU SiJU- JWj >l) 



II II 









:21 J&iM 
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ibjjj SUj L»^*j ^ *-i Jbil-j J-S^iu L**LJl L^^JI _^Jl 




If J*» g*' J-i £>■ u-! 



1- " —.11 .il^ IS. L. I i« . 




:22 JSLtll 
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ii >^ >Uj t^lll 

liK .(24 JCJJI) jlJbjJl ^ ^ v ^bU yiliJl 

t£ ^LiirJl ills- ^ 4J j 1 jiJl (jj^-«-*J ^-lijjJaJl 
iit-AJl fl-JLk^J L>L*-^3 ^SJ^kJl ^L* jl l*S" .jj^jJl *Ul 

.►Ul Ji* Jj^ii (1.2.4 fjeJl jia j\) JyjJl 




:23 jsan 
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j^J JLp OLSLJl iiil^. ^ ^1 <>■ "l-Ji £j 

JLSLJI ^^aij lib .LfS^laJ ^^1* JjJiil ^Jl! Olj ii^o-J 



Jas-V .^£lj7...»il ^|jSl ^ *LJ| it>jki vi^s- iL^aJl £-^J ^ LLxj 

a- s y Jl^l t> ta-b £>1* ' A> <>- 

f^ij ^/Lj- ljjiJLi*i— I L» IS} « !_^» ^ ^-Ul ^ b-L* (_yi-J 

3i jjj Ql . .,<?<) J-?-i QLyaJ-i ciojj L« IS} Lo_;-*iM t*L«Jl ^aj^J 
JSLUI) (■Jku dll^,.,, V ^ J^JI jJjl, Sgjii- J^Ijuj 
til t jl .i?-j^L«Jl jtJl ia^i i\jJL»\ ^ji* CiLJlS3I oJL* (34 

jJjlJI jl J^*"-!! lilif? JUj^s-I ^y> JjL-^JI aJLa JJ-5j 



(Oj ^iJi^-lj tLJli-j .iibo If.ij c-^cJ LSU- 
.sjuj^JI i^jkll ja^i cUJI 
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4j^S ik^ij n£UIj ^>«jj .*J tip jt ^ L ^J»^\ *LJ| 

jJa- ^a ^lJI JJ~b ,j^J ,>5L»jj .s^r-JLil ►VjlSL yUl £1 ji} 

(Jl>)}) iJjLj l-^j Ji-b ^1 (j^-i J>iJ of J-J 
b»J_^ Jii- liU .SjUi oljlp 3 >^J ^JU» ,y> JLS'tiij 5*Uaj> ijco_i 
LjJL* i^fJl (^3 j .Jb4 LjJJ Jjl; Ol JJ jfiJl Jj^jj t_j>- j Itkjl jt 
^Liue ^IjjUl^L) *l j-fiL) _^lJ1 yi tS^H. ^IJL>cI^Ij 
jJ. JjJ^Li tJSL^I ojja jJL*5 bjj '^k^ j\ ijj^i 

^a S <j,y>- ol ^1 ^ bJLo Jjijj ^i^j Jj_^» ^IjLmjluiI 

L»Jbu t jiJl J** J"^ JxiJ tiiw j! jL^Ji! 0Ua*l 

J">U- jlJl Ji-I* ojUoJl oljUJl Ji-Jb : j* j IJLa 
Ol v*^. ^UU .ytJl J^la JL^JI L^i iU>y\j .LiJNl 
<*j>*-. ^« JSLiu a*Jl>- ^^JLp Jaj^j J^Lp JS 1 Jfbs^j 

hJj, iji JjjJl ^yt^j .^^U JJLa- ^ JL*S[| 

*">U-1j t-jkb iJUo jj-Ldl j^a jjji ol t-^jj 

.(5.3 ^^>JI Uj^iaJ ^ yJI t-ijk; jxj 
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I^JxJl alii _ 4.3 

a* *t 



i.J&o _ 1.4.3 

oL*JU iijajJl «^*>Jl t-r^— £p-«J ^ ji-J L«-£ 

jUa»Vl ^1 J <JL*JI ^jLj ^ oi^J-Ljl eLJl 

^JLiJ oL»Jl sJL» ,j^-J t^ylj-?- jt i»LU Jj>- jj V 

^1 M jl ^..r* aT,, f*\Jil\ *^>Jlj .^j-lJl jjJ jl Ol^Ij oLl>- 

*^**- la ■■■ Si aLwaJl oJLft (J—- 0 o^>^-lJ ^^-Jj j^Jl oL> jJaJL* (JLa_*JLu»l 

*1^*JI ^ jl^Sl 3.3 ^1 ^ c~ii,J ^1 

^t-j-ii _^J| jj-T j\ t JLo jJl ^jj JLun ehj i 1 

^yaaJjj .*LU\lj *LJ| JjvlilJ kilJiS'j pj^Ul p«,/T7lL dls^yali 
.it>«la*Jl «L«J| J^-IJb» d_p- ifc^Jl JsLiJl (j^suo 11 ^j-o^l 



aL_«Jl j-j-i-^-J 3 j-j Oli 0 j-^Ji k^sfr la ... !l aL-sJl 

sJLa j^-I igJisLJl ijJLoJl ^J* iJL>- <lJL* j .i;>Ja^Jl 
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^^Ip JJaJL^Jl k£Qj L^Mj ti_jjL~Jl oJla ^^1* 0|j t^-Aip 

: ^ <-< jL~Jl t^al^T • 
.<Ls-LUjl <LjajI • 

«L»Jftjij sL« *_jjL~<J ^-S^Lo ^ ^ - iiifls] olw 4.4.3 *j>d\ 

oLJI ^J^S .2.4.3 

4s»JlJdl >>UJl ,y ^ jtil ,J pLJI Jllai Oj^d 0l £ & 
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Jjb II* ^^Jl *LJI fLu^Lj J-^j (1 JSLUl) gU.. II 
O/iK ^^Jl ^LJI Ol Li* iS ^iL. i^Ja-Jl „LJ| ^UAaJ 

(Infiltration i_jta ^j-^tj ^L-Sfl iijjc*a]| J-*!j 

.^^jJl *LJ| t^y*-* J**; V^^ 1 l** l** Gallery) 

dlllj C ....1 ( _ f >rb,., il fLJl j,l ,/>» J y- ij^l culls' lili .jb-u. ,\j 

.jjsJa-Jl *Ul 4Llp*j (_jJLJ| l y>y*S\ ^ gJ> < y <—>b *LU} LSUji 

J* ^Jl j ^^a^JL Js>L»«j (..Jaii 

ttijL- ^-ij^Jl «yt>5- L*j JS^Ijj *4>^l 

^ iil^o s\y> ^yu £v!>U aS'^JI C>{5 

.(26 JSLUI ^ V - V "i^ 1 j^O 

tJj^j^l iUaii» ijj^** oLlJaj v^SH t-*jl^- itU-J 

j-l jJl 1 il j-«Jl eJLA y ^« jj JliJU t ^J-^— JLi ( _ r uJ jjkj 

^1 LzSj y~\ y>- cpj-fc* (Roofing Sheets) ^a^l^J 

.ijLlJl |i Oil AdiliiMji >\ yj\ 

<u Ja-jj^Jl (j-* 1 ^' Lr^-*^* V j-H^' *J»L>-1 iJU-p ji 
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iJj^i iJU-o i (Geotextile) Lf *j>J)l\ '^^ a -! 



i_s jJaJl ij-ij ^ -"-^ ^^^^ ' J-h' 

,4jjL)J| iaj^^ULj Lfi» *LJI ^-vij ^1 jij *L»JI jj-Vl 

.(3.4.3 ^iajl) *UJl J^ij 

Sli JSLlu iiji ^L>Jl OJ^J £>rs^ c-JL*- 

.(27 JSLiJl) jUl >U*JI *l» ^yixj L«J| ^ jl 

^ (Inlet) t_j ^^^aJI iJUoj ^-a-yoj t)f < t -*h tl^-j-fcil <i^- <>» 

J.l./loll *LJl OLl^ <->^dl (j-;! ^Jl ^ Ul jJU<a-Jl 

J^i *LJLi — U tSLUl (Gravity Flow Outlet) 

J— Jl! Jj^I j«->«-2j <J^" "4^ (j^-r - 
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(Si-) 



6 



























. (Rajagopalan and Shiffman) (1974) : >UoJI 

*L«J| ^- la .1 <3 >* (Gallery) >-ij ./» » ^LUl j-» 

frL«Jl la .j ( J^j»«j iila^gtj j~£ {j^-"-> (j^vJ <CL>«j jl ^ jJf«Jl 

£»j Ls<ajl ii^laJl oJlA J.«-*I^ J *L«-!l (_5 jl^w jJ 
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*LU} f5 (Seasonal River) ^./a'eW _^S\ £lS ^ o^va» 
al^Jl l-~-«jSj Ji*i" JSLlL. jlJI IJLa JsJ i)J ^ y> ,_yl* 
cLJl OL^r Ij^il bIa J^j .jlJI jil^jJL! iJUa^l 

Ji-b cij^dl fUU Li^ <jl .-JLi, *^JLJjL5 tJ L.jJl tjL^aiJl 

jU ^flil 1 _y=> ^y* Ou» *Ll (_£jJii ,/?■>- j JLaj I— JUl!| 

oL- ydl .I+i 0 _>>~Jl »Ul j .(28 JSLiJl) (Sand Dam) l^L. ^Jl 

<^JL: £&2->£ jliLi Lu^" i _j^- JJ 0 J-^-"" *J> lOP t 4'. ,., ll (J*}\j- Lj-Llj ^_s<2j 

J^^Jl ttiLLjJl J-vai -J^^ J^j- "JJj^ 

.^yi^l j iij L*3^> 0 ^SLm 4^>J *LJl ^1 * i^jUJl i_s j Jail 

^^$3 ^ . ,/> OS juJI U-ij n_^-l ^il ^ h>*J,\j jj> JujIS 1 cjHA> 

j] ^«JI jl iJL-j-iJl ^ .JLj 1 ia?.» »LJI 
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idUi !>LJbj o>«J oLJl d\jj>-j y&> ^Js- JlJI 




:28 JSLiJl 
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JUd«*j| ,jaJL ^Jl - 3.4.3 

SjLjJ («LJI _jl «L_jJb) Cj\i^Ju> ^Jl <uJij| ^Aki jj 

jUiii ^c-Ji j-aJI (Ja* Jj i^hJI oU : ...>J) i_j>^_ <uS/ 4 yd! 

.isi j^Jl J»l j*3I ^ UU. jjSC; M Ji 



(,0. 0,5 - 2,0) ^ J-j. 



1 



SMS SJ*-j 

_(,JL. 2 - 5) ^ J,j 
r- tr" (•>> 




i dlij ^ if* Jj-l>- ji iS^J Lrtli ^ » .. n-rT I IJLa -ij 



. SWS £JS jj) 
.SWS(1992) :j 



.29 JStill 



J ^ JJI t SWS ^J, y> f IkJl li* JlP ^ j 

J^jJj .(29 JSLlJl) (y>-1 _p- olS j!) i-Ii* JJJu^ £ l iSy^J 
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tjjs ,y>^>- JSLij h>-j\]\ ^ iiiJLL^JI J^LiJl 

.i)^ ^ j*j j! J^JI gyU- $ L.} 
JJ Jj^- (> JLiJl J^lj j^Ul ^i>JLj SWS %4 

.^JijJl Jl»S]_} jjJll*a]| (^jJ ciliij ^ A-j-jj-js— Ji SiUJl ^ i*S^Lo 

jjJLvail tS-iij t^UJl ^ .(29 JSLlJl) i*S">L. 

jjjLo j%-"<^- ***^>tJ LoJu>t^-oo 



ar^ii j] j\ VJ L-Ji _ 4.4.3 



118 



^ jLaIp^I ^^l^Jl ^ JUJl! i£L~~» JjliP-j JaJaiu ^l^J 
L» jlpj^u iJsl>- ojj .,r-?i , - ■.— - )l jilli .^w^JLa 3 jj>- l Jl& iliS'i 
LoJllo lil>- ^yi-j jl LS *-laJl) (_yi-^>«J jl t i)l./V.«ll jLj Aa^i 

pU^jaJI AjLii^J 4^oL* 

,U ^ »UI £ 




:30 J£aM 



jjLx^Jl ^ £j^-> J-S^' J^~^ 4 -4W-' * ' ^ *— .Olil^wJl 
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IJ> jj^»J\ flj^r^l J 'iSjjJLJI > i-JaJJLU JjLjuJI ^ 

Jl aUjl c-L JJL 4 .^JLS- jit! jl i(30 JSLiJl) l >» 
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V .iiJUl iJUJl j|_^JU JL*Vl ^ jiJl JLfjS it-*. ^JLJI 

<Js- <_j j-ojl »UI y tils' J*p OL^oJ <_$ _^~Jl ^y> J^i 
iiij^o Jj|_jj ^jLp yJi jlJI (^j^^j d\ l^>gj L}JL>i j ,4lJ| *\jsj>\ 

A 1 1 ./> ■Slj-* (jJ 1 <— L* LjjjJ 4jIj-«J| oJLa ^tJLajj 

.JjJjfJl jt ^fJl ii-H<> jjLf t_J *LU| ^y^aJJ |JL» 

(31 JiLiJl) -LiJju QL^ai ^yi JJL» j^U- y£*jj .IjLjj- 

fUa»Ji tj£Jj .i JS Si\ oliL^Jlj ^liVl ja-JuJl ^ 

iJLfcis-l JJ i5:! JU (_$j7,., « i (Scum-board) ►Li* ^I,>4.t,J 

.^^Jl Jl 5J^I aljJl J>a 
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.Piclcford(1991) : yUaJI 



:32 JSCill 



^ L^\J>- <L«_*T li (Floating Intake) ^UJl t_j^~Jl jj&j 

^tkwu jji ^1* iw ly QJ jIjUu-j (Float) (_jjUa!l ^0 ^JlSj i_Jj-~Jl olS' 
^jUaJl k_j j ... « l l Jj->- (j-t^i- Jj-J-«J| J-^j>«j jVj^ajj 

^0 <Ll^>- ^li^ij i_j^^«Jli <u^j«jj i Ljj^ ** {j&>\ L«-1U» 

.(30 JSLiJl) 5, jJb ikjw 
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:33 J&sM 



.(j^«Jl <Ja*-i|jj 41* *l«Jl ^Sj J^*j<11 ijJb- ijJJllfcj 

sJuLJl J! j»lJuk^L I ^ 3.5 jj> J-*-*-!! lJuk Jujj V j 

ol-fe J-jJ JlJj .(32 J_SLiJl) (Centrifugal Pump) 

t*LJl ^la^ Ciji a^o^J\ cJlS" lili .2.5.4 f-y>Ji\ Ji SjJjJL*wJ| 

JL>J1 iL^sill J j(Jl>JI ^^l, i_j jL^JI ^ .JUL* j 

. (Tyrolean Weir) «0LJ j ^L" Jl^,)) j\ ^Lill 
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JjJLjtJl ij-^j! ^yi SLi J JJ- i-f- J-v5> JJl J tijjLill^ iJjbm (*)L yoi 

.(33 

Juds*zi Vi^' CjliL~«Jl j! i_J^Si]| CJjjli-l Jlij 

jt ^^f^ iku ^1 ^^^Jl *LJI iiL sliiJl ^ 
^ OLJj^l: ,^1* ^-<k»«ii L»j .(3.6 ej>Jl t_~~» Olji- 

JU±JI JLu J; .gla?1l _ 5.3 

jJlJI j_ { laj <~^>>j t <LLi 11 oL-oJ j Lfjo|jL>^-w>l J_J> 

iiU«)f^ LfiJ^^ f^'j £L7*-*"J JjJlyoJlj 

■ 4jI ■ ,/? ll <JLfc*L ^Ljiiil -iju Ajjjj*j> UajI j ^jSo JL9 j. 0 <Jl^_P j 

(j^iaii l « taL^Jl i»JL«jo ^ j ; j Ut!| ^IjLitLwul 5.6 ,j^HJ 

Z js? y> .jjJL^Jl i?-LuJl olj^laoil jj^ilj Ja^jl j 

i^lyl U«j1 -M.^ Jj t^JUl (HTH) i jL^Vl ^l* 

(Javel J-iLr t (p-j Jj-vflJl c^jJLSj-j-jO JjLJI j-^UJl 
^^JLp oL^jaJI hJla Ljjjiaxj jjdl jjl^il I^aS jujl*jj .Water) 
c.L^I j! i*jj)oj}\ j] t^l^jJLi ^^i^xiJl OJj *0^>«-!l i2j^l»j 
«JLa O^j- <~-=r^ tkil-ij-! .Lfji c)^ 1 J^^ 1 **** ^ J^- 
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j^s-u LoJLi* t Llaolj .a^juij ti»L>-j iSajL (j^L»l ^ oLSVpaJl 
J_P~~JI ^ aJL^JI bUs*t C LJI j_jKil i__J jJL- ttijJb. 

70 i(HTH) c^K^Jl j^-u. (^ij tiiJl ^ 35 ^liil 
•isJl ^ 1 JliLsJl »L. Jj J5 J5UI j^liil tisJl 

t>*") (Free Residual Value) *JLul\ S yJl L*Jti\ ^b»J j .^Jl y>Jl 
^ JLj: 0l Jljj M (^iil r-bJl JUiJl JLsLgiJl JL*£J| 

0.00003 i^l /pJJL. 0.3) *LJI ^ jiJ J U >L> 0.3 

.iJLib 30 3 jiiJ j <1) jJLo y> 0.3 jl iuJI 

j^KJI y, SiJl 0.2 J _jJL>^. jJJI jgb.ll JJLJI 01* 

/{■! >L» 2000 ^\) (ihS) j^KJl ^ ii-Jl 0.2 ^ 
(j^^Lo jJLp ^1 j-p-) lLjJj- j-^Li j jj"*-!-^ ^ji L»l 150 ijLsAj 
.fUJl ^ IjiJ 25 <J\ iluJb^ HTH U ji> 70 j! ^lxJ» 
I^lJ 24 iIjJL*- JJL. ^ ^lJ 1 oLsflj ^ilJi ^ VjJbj 
t *LJI ,y I 20 ti-jJb- JJU fL. ^ oljiJ 5 jl t »LJl ^ 

li 1 1 j-^LS li j^r ... a ^JLi»I^J OJj .IJLij>- J j JL>c«Jl ^Jajj 

c-^Lw-l yl^j 0t ,J\ i^JLaJI li jjl i 10 5jlJ J yb>«Jl 
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12 .i>j*Jl ^JI^JI JsSJ j^Kil ^ ^ L. ^ 

^ JjuJI 0.2 ^^JL* (jjU- JjJL^j. k-jL-^>J J-Sjj-t 

jjiSCil JiJiJl *LJL! J£>- i>**i*Jl Ji-i t ^^is- c-Jjj 

j jJ> ~^ i| e3jL*jo { yl SJj-Ij i#Ly» SJLaJ JuJLxj jJaljl t S^A-aJLaJl 

.ipL. 12 :juJ ^Ij»^J 
(j^j! jl ji* UJ *L<Jl hJl* jLiiijMl a jia *Lfiil Jlxjj 

JljS V ^Ij JUL S^i^Jl ^jJL*JI jLVl U| i^jJLj 

(128 obuLyoJl ^ ^Si LaJ <£jL!Lo ^|jL>d^l /vS^J tiii^J 

i.jiuUl jjJJ^» UJ 4,„.;1L .^L^Jl |Ju ^ 131j 130 <129 

^-j jj i ^>tjj .aL-«Jl 4-1 til ^JjJLi (_gj".«< U-frlj jjJL^tJl eLoJl 

jjjali jlJl JU4 ^LJI J^J (4.3.3 *j*Jt) CjL.1 oU»L^I 



.LJI J ,, t ti7.1 j^KJI :12 GJ JI 




.(m 3 ) <j«£J| >^ (V) jlJl ^ al^J Jl Sfjt glfcJ 
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V= 3.14 x H x D x D/4= 0.785 x H x D 2 

ia^-Li ojj-^aj ^iJl *Lo j.f jaii 4joj^U| jj_1£J| ij^i^ A n'.njj 

al_^JL klj^kJl <jji*~A (JLpj ^jjiS^Jl lijjHl 5^ 
(c-^SLJl ^uJl /fly> 100) ii-Jl 0.01 tj-SjiJl ^i** SiLej 

j:< U:l (oU >JL) (M) * j^KJl ik* aL»^ 

:Ox£Jl jb^L) V (^JL 
M = 100 x V grams 

(D=l,2) 1^ 1,2 ojlJLi. ^li-b >S jSJU JIS - ISLs .^alall JUJl 

.1 2,6 OjJsmJI *L«JI 

V= 3.14 x 2.6 x 1.2 x 1.2/4 = 2.94 m 3 of water 

*UI y> jj> :2.94 

M = 100 x 2.94 = 294 g 

^jUJlj tLijL- j./g*,*!! iuJl ^ 0.2 J^L^. f|jb^i-.L. 
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294 _, liiyjsJ A&j M\ & jiJ j^KJl ^ f l> 2 J* 
Jjbu IIaj .isJl J 2 J J^Jl ^ (294/2)= 147 1 gb»J L.I > 

,Lj5j SUa^ 12 

JJLsu J* O J j la, ..11 {y> Jsl JJlP aL»J^I (j^*JJ 

■ I j../i>J j UlJli^ul 0 J^y* -lSj*^ 



50 Jl jj-) j^K iiJl 5 J* cSj^j ^vlS (^Jl! 
Jl gl&J j^KJI f+ 290 J* J^lij .<>J J /j^K ^ 
Jl £b*J ^.j (290/50) = 5.8 jiA ^UJl ^ IjiJ 5.81 ( ^»- 
Sf jt ^Liil 11* J-^iVl ^ <ut ili ^LdJl ^ 5.8 

.^a^Lui jJ^Lij 4iiL^| jj-s^l (J^*^ 1 4a * jI^s* oj^saj jjiS^Sl ^Jjj 

350 jl tJ ^K ajuJI ,J 35) ^LiJl J^~J| flJL^L-L. 

t^e 290 JU> J^v^Uj t(J^*^Jl ^ ^ 1000 If* 
(290/0.35) = j_p~~Jl ^ 828 Jl gb»J ti^lkJt i~£JI 

*LJ| J j la {y> iJ_P J js * ,., « i l IJLa £jj> J_*ajVl ^oj 

JJ H)] A,\,/t\\ SaUi! ^L-Jl i jiJ\ Si _p-Ljl 



JJLSj L^Jsf - Ji LaJ-o U C^J jij Ji j.^ la" i JJaj ISj 

lili . j: ^la:ll aJUjij »JlJI JJ ^IkL^Jl jjUS J* l$j »LJl ^^i— « 
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01 jJb»Jl uLJaU Isjli* .^lJI Jj-b o j; < LaT aL^Jl *LJI 

j^j ^jji ^ j^isai s*«j 

0! 4 yi*^' '-r^ £° J^-^' j-* L*5j ^rla...ll jjjj 

IJL^j SjlpLlSI iiUiVL, U^J JJLMjJI £)I>JL»J| tiUalj *4i*Jl 

•JJUI 

jl yiJl Olj-JL*- J-—«-; (J 1 ^ mil ^jJLfr 1_ ^JJ IJLa 

- ^ t 
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•L*JI oL* a>; , i.hiTll ^ Jbuj .cJJLliJI oLU 

. (Washout Pipe) 

jJL^ll L^ty JJJS _ 6.3 

. j, l .,<? o >l La jiji iJLJL>«Jl i^*£Jl o j->u p $ « SI ^ 
0! ^'V'J .iiJbi^ oljL^-l f\j=r\j diJi ^^i* J^v»»^!l ^-^j 
^ jJUaJl JLj-bjJ <ui bj& <J^\ cJ_jJl oljLi-Vl «JL» ^ 
,J\ ol* jjt. olijl ^ oL-LiJlj ^aSfl La^ 

^ 5iL* bjSL DL-j^Jl ^-LiJ i^jSl cJ^Ij iLjj JLic oI^jlL" 

.ijLLjJl J^fli iLf 

>L«J| (jLlaJ jj-**-* «J L« <j! hJJUJLS' o i_ Lwi j 
OU *(>»^l y J*^- ^LJI ( ^ r <XJl jj 

^J^JU oJlAj i (_J jj-l JL*j Aim jJ-Li (j j-»«Jl *L«J| (_J 

oiLj jl jLk^SlI i>*^£ L»} ia^J^jJI oL^Jl ^ ili ^ ^yLiJ 

0 ^aU? 

>JI uJSJ jl jJi Si^l Vr^Vl - 1.6.3 

^L^>J t jjj>- c-Jij ji iLjJU ijyimi \ jii j,\>/in\\ <1)L£ lij 

jjJL^J ■ ^sU- - \\ X^~^^sy> ijjl* t <(L?-jJjjJ^J|j) eLwoJl |*jL«j js^ - 
Ol i Li* .jJUflJl olij jt fLiJL, ^UJI JJ ti*i^uJl *^-L^)[| 
VI .JL* JL* bUs*l UjjJi" V jJLfcJ JLrls3)fl 
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jl^- CjLoI JjiL* aUipl u*j (iUi£ .jj-^oil >LUJ ^ *L$^VI J-J 
LW j JSLiJ ^*iJl <Li** J^U- ^i>Jl J «L*Jl 

J^Jb ^JUI JjbLjl yi»J| ^ i^bJ^U ^Sll J*JI 
Oja «— 1 ^LiiJl O^L L»ji* ybJl i^JJ ^1 pUJI 
.5] _jJL» 

J^U- *L«JI djt .iijiaco Oji- cjLfcS ji jj (1)1 

V £^jd iS^I J.A**Jl <>» jLjJI aIjuo oljii 

JliJl JL^i .^L>J| (_JJ ^ -us iJ *i3*li ^JJI JL>JI ^1 ^ 

{y> £j\ ft <i>*&Lj Jjboj dlJa ^ Q cjLoL. 

i^bJl Ob '^^1 a^^SlJI J^* ola)l ^LJI ^ j^iSL L. ^bjj 
.JjjJlJI oL^iJl jjax*j SJIS 0 ^SJ JJlsJl ^ jiJ 0.2 ^ ^ 
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S^Jj jLjjJI ^ ol*L t^UJ SjSAJ »UJI <— Sl'ij oLJl ^ 

lilli ^ ^ pUI J_p-J J^Vl JbJl Jj*» jS-b ot ttjjJb 

0.5 J\ <d^J oj*ll S^iAJl JlsJl Jb) iiJb« oIpLjjjI 

•< s >- J* «/ ^ 

<j Oj-^i LiJLl* ^J/i f'UJl (J j7 .. a 0}j t IJlA 
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lili 



IJXjkj - i jl ^jlJLSj J*jL?- ipL-J <LpL* «f.LoJI <Jjljj» 
yJl J** ,.,->J o! toL-LiSl si* jUi^_J ,_$jJ tLJLSLoL. 

^UyJI ^VjLm ^-Ls .2.6.3 

^y> >LiJl 0Li^>- Jjl»j ^LJLi *JAi>t-» j 5iJL«jLo (j dUliA 

j^i-j 3 j.a ./all JjIJaJI 4 ■ .- : !Li .olir o II ^y> jl jai sfl o II 

jl i^j J*)U>- ^y, 4i">lL>Jj J ..I LJjj *L«Jl (j^o-i <L«J«Jl 

oJLa tjLj j^jiJl Jjju ^iLj JLjJlip jj^La-jj 1 1 1,. !l j-*-^ j-"*-^ 

JL-Jl t_ilj- eLJl (_gj7.-< ^yL LgJUai ,i*L»j jli ^IJiiiuuL iw^LjVl 

»LJ| jJjk s-r-JJ J •<-' J- 1 ^ t/^^ 1 JiJlJl jlJLi« ^^knj <_j 
Oljj^eJl Jjbw 0L* t^b ^>«j J^l ^-s^JI <J"5te- y 
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(Discharge Rates) JJjuJI i_jL~j>- UaJ 

i*^. Jj|J»Jl jJ iijUl al* iU^pl .Ji^Jl 

i_«s£Jl ^ ^Jlp ^ cjL»^JL*aJI oJla .(JijJl i_jL~»J 

.Technical Brief 27 in Pickford (1991) <_jb£ vc^Jl 

i jL^j>rJl Jjuj-^ oj-j ./i \\ cj\j^4',]\ j JjIjl>J| i!L Lot 

JSLlj SaU> (>~Jlj icJJaJI jlJI i«i ^ ijLfiJl aL*- ^ tiUaJ 
Jut j .'^ji 90 JjjIjj c^j j! t<jjJL>J)!L V ^>Jl 
^ JiJuJl Jjj^ (Pickford 1991) ijy^i If^j y, 

y. ^JUI ,UI J*P Jl IS, ^1 

j^JL» 300) S^^^&l J jlJ^J ,y OIj^I ^Ls j 
ij>Ja^Jl ip^uJl (j - ^! m3 /s S- 15 -^ ^i^J "Jj-^ ((3*^1 

JjiLjw j .(m 2 JL) ^klJl ol>Lc ^ Lfi^vi j (m/s JL) 

£-kjLj| aj»L^o i*^J aL>*j| (>^iJ • 0.85 j 0.6 ^ 4i*-J ^jl 

(jUu AijkL^j ^iJl (T) ^j]! ^Li j!>U- <y ^ yJl 
UjIdJlo iiL^o j^laiJ (JllJl J~~> ^Jl& <i*i»S) J^lS^iL 

.V = D/T iJJbJl ikUJl ^ ap^JI ^jAZj .(D) 
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2xJZ* _ 1.4 

■(i^J S .r» Oil 

^JL«aiil JLtpL ^LiJI iJlSCo} Oi-«-vaJ i^Lj oUI jJ^ij Lo 

t ^JLiaJl * t LfrjLm ^! V} t *LJ| £i ^] JJl^ yj^J 

.iij_«Jb]| jL>J eLJl • 

.SUuijj sluj iiisai ^.l • 

J^-J ^(j^-jSfl JJl ^JaJl ^ Ja^jSlI JJl j\ai\ d j& L. UU> j 

^L-l ^jl* iJyi i^L-SlI JJl _^»Jl ^yibil fJ^Jl t-i*ajj 

JJl ^JeJl oJlA ^ (^1 ixs-^UiJ JUi*Jj .iiKilj JL^ijLljl ^ J*UaJl 

^ 4.br..1l ob)N obL»Vl ^LUJl oj>Jl J* 

r Ij^lJ ^ UaUJl ^1 ^Jl oljl yUl JJlj! ^ J^Jj 
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S^iLo *Ul j*f?«iL! i^Ls 0 _^Si Ji SJLixJl s _^5]| j 

JLyJ SjJUUU 4 U1 l*U _ 2.4 
•^Jlll (IjI*C-L J^JLJI Jtt-jJl .1.2.4 

(Roller Bar) h>- y>-2 L-^ai ^Lbi«i~»l J-^ijj .*LJl £»j ^ ijjJLJl 
jl t(35 JSLiJl) t(34 JSLiJl) ^lJI J> j* 

.(37 JSLiff) . £j iff _ ^ j! * (36 JSLUl) o jaLi 

t-J^J lij ^iJl oL> viJ^J ^iai- Jijj J\ il** Jjf—J iiUiNL 

^ju> ^ jQij-Vl (jjJLil 0 _^»JbitL^<Jl IJl* 

,Jtt2i <L>c^il 4jj">LJ| jjjUaJ fljliVl 

o^ijj i_s^ -A*!—^ <~>r ./>Sl iiUilJ ^joLSjj jLjlpI JjJ J 
U-fiSf ^^jJLji*- ( jj'i; -"j ijj^LlJlj ^li^sJl ^"iJ J*^ fli ^S-i 

bjj^ ti^ l>b (39j 38 J5LlJl) ^Ja ^JJ^J 

.IjL. 15 JUjj j*p ^ fLJl Oj^j jl 
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OU>l Sji jlJJ ^1 oL^lJI - 2.2.4 

^IJLitl^lj 1.2.4 *jj>Jl ^ Sjj5"JuJ| StaSlI jjiUj 
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. r jJLjl »lkj l^x 






1 



(jAjy g^*^J .^^-a>j ijLvf i£ 
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J^ 5 J** 3 ■> 




4 



(Village Level jl VLOM 



:36 JCill 



Operation and Maintenance) 
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^« oil* IJl* i—-J_/iJ **«-^*Jl J-4-P j-a-P (J^5\j- jJt-^° 




jjjJl ( _ r i; Usb ^ jv^yil _ 1 
£li _,Jl J_js- is _jiL. 5JLUI (5*1-2 
^oJl Jul*. _ 3 

JLj^c1\ bUj <1soJ| AiUaj ^Js- Jails- _ 6 



,<ll.. _ll ...1. I.t. L_: ctl . 




wWm 


:37 J£i!l 



Jj»-li CjLoL*-^ £w ^aLiitJlj £-Lijjl IJl^« i_*j>-j_«_) J-«->«-J 

aJlajJI (Crankshaft) Ji _^Jl a j^-e jLt i-j^jj ^Ij^iJ 

cii^I .( Ji-Vl Jjj Jl*S[I J^j^JI) ^ yJi 

J^J t oli.il ^ L^jL/?j |»^la>i Sjii jJl <U^a^«J| oL>r.,^<ill oJ^aLo 
J£ iniLlJl £l_yjSfl 4.« ...7 p-~~>j «UaJl ^ iJLP JjULa k-ily 
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^iUbt^Jl JSLiJL j\ (41 JSCiJl) ^oJU; ,,,/ri oli d 

j >» CjI^o-J! oJUk oUI j la ..I £-J> jh'j .(42 JiLlJl) cUj-LxJl 

J\ (^j^ frL>JI (j^Uai-l ,J\ &'y. o-^UJl ^>>- feyu 

*jJb iiiJl .(Rising Main Pipe) (j-J^Jl i>-UJ! 

^k- _^>Jl ^^tJl .kwdl SjJL ^^Vl Ji-b »Ul 

li| ill _jJa-*Sll J ji jLl.1 jj-s ji^l t-UJl ^jjJ jl ^.la:...7 M 




:38 
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^ 1000 J£J ^ 1.1 jlJii^ L) Ji^i iSj^\ Jai-^JI jS/ ^-^V 

£■^^1 j^ii (41 JSLiJl) <L~iJ ^p^SCJl ^^—^ ( _ rr iCJl 

^ ^U^Nl (»Lw» ojji jiJl piJl jU cliUS -J^ 





jIjJI 



jUll, 



:39 JOH 
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j\ pj^Jl 015 ISJj .ULv» J**i! s^aU- ^=uJ| 0 ^ jjJLsJI 

ii^i^Jl i^JujZi ij^-i elj^l! iJbii* ^Ua^Vl OlS' li^J 

LS Lt> iJLiLoVl ^ j .New No. 6 iJ*.^ j Singur ijjJLiJl 
.SWS Rower t Rower : aSj,jl>JI UIj^JI 

0j3 ^ Sj-iL^o f-LJl ^ijj a .,.»5C<Jl ^ jjLj (43 JSLiJ) ^ j_»Jl 

Ja* ^^vflil JLoJL*jj t ^ . tf a «JLl*j oi > a i l oijk Vj 
SJU>J| p^UaJl li* .IjLo 12 y> Js! SjU OjSLj tii«*ij| 

Ls*~~ j (Footvalve) ( _ y *j>-j , iUI (_yJLi-Jl fL«-yaJLij ^-^LJL! 
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♦UJI Ci}j — i Vp l ^Li ! • 

jj-i ^Ul .U_JI j-ijj • 

il ; 7 i ; ,i„i Vs • 
ll —tUS c. U AJI 

•UJI ^uaj • 



f >'JI 




:Ji-Vl Jl 

Vs jlfcj • 
" Vp 

^-SJI J5U- .Ul j~ • 

~J Li) r^J 9 



* lt*?^" f — 3 
(Vp) u>». 

jl (Vs) JJt (J 




. AF 85 Nira j Malda j 



cJlS li^i .(45 JSLlJl) (Open top - cylinder) iuiJl 
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,j_5UJI flwj 'liJj 5 




:iJkll j-jflj SjUill U^iJL VLOM ^...o; • 

(priming) j'ilksl J-iil • 



:41 JJOtJI 



^» jv^oLvajJl ^ cJL£ lij L>^y»M 
.JlpUJI is-Ul J^i- ^ Ubt ^j^Ul JLUI fUvJl 
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ioJiJl £jZ*> fjs' illtSfl .India Mark II SjjJJI 
. Afridev oU«vi« j India Mark III ikvijl 




: VLOM y^jL UU>tJt i^iuJJ 



SjjjJl oUwaJl Ja>J V j . (Force Pumps) ^ _^>Jl JiJl oli^ 
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ab— ^1} (J>1* 
^ Js-Ul 



-U-Uall jj^-S^I JlS-UJI J*ju- 

(>J| L-JiiJ 
(JLa ^jLJoj . I i , . ■ ■ A i \ \l ^ < ... ■ »| j | ll i J 

5 Jit) J*La)l J^-UJl jS-'a i-^iill 

( i*Uli ^ ^ Os-Lll Js-b ►Ul J 



L*J) ApU* i _ S "~^j J&Xa 

£A j] 4-jJLi SjUj Slji» J-^>Lt* 




T J£ij ijAi* 

(LijSLiJ^.) ^ 



tr^** - 'tr^ 

ijliai- ljLa4j) ^^-U? ^Lw>J 

K 1 _ f LL. (.Lw Jlltf 



:43 JCtll 
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o j^jlj' ^JJi U^Ji ^j-Jj ,^1* ,<iiii 

.(41 JJLU) o.l.l ^^Jl ii^. 

1.1 .A An I.LL„_* kjU .,rt * !l « i ^JLiwL-Jj 

.La £-^Jl tlndia MK H J US 
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jjL^i-Jl .(OTC) ^ o- jiL. 

(_j0 jj>UJ| JU-LJI J*i- (a) ^-rSUJI jjj 

■ i . jsjij+j) tiLLJl l^w 

^li-JI fU-JI 4J1J1 OTC J JJuSlI q& 
«j L.J j_t>U>Jl JLi-Lj| J^U- (j) ^juj-j'sUI 

SJIjJ Si-J^j J-cUiJI JU-Ljl Jj-la 





OTC oU. ^ U-U- lUJUa ^-J 
3_LLS obi « . S3jj_«Jl 

,a\ (j^j *J >LJl ^1 

t _ ( £j <Jjji» liJJjj t <ll*l5u 

J*J JtS a* y ij^i (J^i 

.>ji 



:45 Jstill 
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(Cylindrical Diaphragm i-JI j la ^LJ^Jl <jir „A . II • 
Vergent j_» i^a-^Jl ■ i_* ^^JLe ^_sLiJl JLi-^Jl j : Pump) 

*l£*-Ju> j tHydropump 
JiLlJl) iil^k^.! Ji-b £>*^« ^Uu. t^JJ-J^I 
jJLj (^jJlj oU^iaJl oJLft {jA JLJIj jlJlJl UauJ jSj^iJ .(46 

.jJ^^Jl India Mark II ii^i* 

:(Progressive Cavity Pvimp) i*-Lii-»Jl i^jLij^JI U*l^j> • 

5jl ji Lso*j jL«i (Rotor) jl ja aJo^I^j i>«*i«Jl *LJl ^i^j 

iL^iaj JSLl-o (^H" ,^L-- t-A*U^]| JLj-Ljl y«5 ^ <ul_j]a~.S/l 

p 5 O^J o*^ 1 j*^ 1 o* Cf> VJ^ 

(Monolift Pump) ^1 Juals-I ik^iJl JjJ j .JU>Uail Ji-Ljl 

.oli^aJl ^ yJl II* ^ Jli* 

(Oscillating Water ojlj^Vl ^L-^l ->j-«-J<-N ^ > • 
Pulsa ^ .- " j jj-L;-A JJJ i-i* .Ji * j : Column Pump) 
iJl j^Jt \js^j> L; y> LaU-I L^j! ii^^Jl sJLa ^Jbi*i~J . Pump 
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<Ju^J ciLJlS" (> JL3l JjJ\ ^>jJ 0 Ai^> J\ .-ALUI 

.11* f L_vaJ| J'iU- iJl _^k-.Sll ^ *UI ^ JjJj (j^a^j 

: (Rope and Washer Pump) iSULiJl j J-;->Jl • 
il^j .jjSLi^'jlj <_ >^j1 <J">U>- ^hm.i J^*^ oliL-ji 

^ oli^Jl ^ ^Jl IJL* (jSUij .0^1 gTJ ykj i(47 JiLiJl) 



^LJI SjL SjIjJlI cA>~j& _ 3.4 
c^J, iLx^. L. Ul* Lj^Jj LU* iJl^l ^1 _jiaJl 

.Sjyiil l_S_J_^i> J*^S S_^l ,y ii^jjJl kilJbj 
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1, L /ill (.jli. . 




ji-Sli Ji iuIjjJi 



. ^Ai3L SjIlIJI Vergnet (J** 3 l - J "^ 



46 J&il 
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Ol y, Ji»^Jl ti-Sl^fril **^i*JI jLi^l JJj ^jj^^l ^ 
<La£ j#>^ 4~-L» L$K>j~.j i2iaL«Jl kiilj ^yi "-J^fil ^d^l 

SjLii-l JU* J^^Jl ^yuii ttilUJ .iiuJl i^ji— ■ ^ iJtf/^ 2.5 
J-v*^> (Camshaft) oLJb>- a *l ^$J| y=-\ j^laju ^Jti«i~; 

ii^iaj ^j., IJL* ( J_«^»jj ,ij| jJa~»l (Jj-li O"^-" iij^i ^•••^ 1 " s l 

i2^*JI -(40 J£JtJI) "Loa^sJl ajjJlJI i»«*i»JI aJLjJ ilil** 

s-LoJl /^SLvj <UjJlJ| , A ~ ll f.| j j \\ <u jj^Lls Jaj jj _Ls 

JLtLs^l oljaVl >y iiUVL gr.l^Tll 

.LjJLp jjJLilo iil^jj 



asiyu s ^1 ou^di _ 4.4 

illi ^>t:..7 (48 JJLUI) (Hydraulic Ram Pump) i-JLJ jjJLjjk 

.JbJ»Jl ^ Olxls^J tiUUj tJaiLyiij 



154 



jl) j-xi r u^ .1 

^L. .3 

plj-UA ., ma g- .5 

J-sl j» ; .7 

<«bVl i~U* d^s- Uji^L-* CjUIw .9 





^« <LoLil5l oL»Jl p la » « I <tj«_si«-!l J ^jS^jNI ^1 o ./?ll ...jj 

.^jUJl cij-^ (Drive Pipe) J jS\ 
(Hydraulic Ram) ^ySLJjjJugJl i J>\^\ i£ j>-\ 
|j_$J jL^jLSI jjJjJIj ^iaJI Uj ;; -j „A oU- L«JL^id^ f-L«Jl 

is J-**jj ^ij^l _>r^ CyJ (Delivery Valve) £>j^l 

i^ois- oLoJ-^s 5^1*5 ks^a^. jl ;i,„t. ui ^ 

f IwaJl J}U- ^ ^ 

(JjJL^ C-j«J L«J^L« SJa-D ^ Ju^Sfl JjJl»«JI ^1 t^^lJNl 
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oU~^> 0 ^"j .iLp» S^iiJ »Jbki~jJ JLju. SaL* V LgjT 
Jj|jb>Jl ^ *LJ| ^ iJL^ 1 J^^JI S-JLuL. Sale JdL^iJl 

iS 1 (Water Current Pumps) JLJI jL^I cjU»^L» j 
(Rotodynamic Pump) Sjl ja v^d 3 

JjJjU £ alA-iU oU^dl - 5.4 
UVl cI*waJ1 ^1 _ 1.5.4 

C-iL.kS' J| i>-L>Jl 0 LljP- Sal* iJVl oljr ll jiJL>^L>-j 

./a » Sis' «j j-i-! £l jjl (_,J} iJL^VLj (Rotodynamic Pumps) 
.^lijJl oi> ,/i «jl j tiaJJiuJl t_jLj»<i!l oUi-^ii j tiajjiSl 

^IkJl tlluJl Jj« • 
.ijlkJl obUJjNl J| ,U £j • 

e^JjJl) £_^Jl JjUu (j.ttii- tp^j ^JJI j JUJLH.JI t-^jUSfl 

.(2.4.7 
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*LJI ^ Sa yrj~l\ iiJUt iJUaJl alj^Jl lu it • 

jLLa-p ^ (i-gJ^LJl) ~*j>^3*^>\ iit^fl-gJl jLjlM OLi f^J-P 

<LoJLiil«Jl iwflj_^>tdl pUr ^11^ jt i jUaJl jjJLS" ojl j j j-^jLp j __ y Lp 
^Ijs- AS* jJSlli LflaJj J^j- iJ jyj*" 1 . ' ^"^r" 
iijjJl i>^*j| ^1 jl>^.I Jb^>J ,J S^lo iis- a Ia j . (Belt Drive) 
.^Jf-Uii J^lJjVlj jj^kdJ isJUtf c-^IjLo tOlSLJl aJ* alj LAS' 

oJLjJ : (Rotodynamic Pumps) 5 J jjJI JLsC^LjjJI oL>»^i*JI 

oU^ixJl Lf) JajJ j^JI iJj^JaJl ^^iij J**; oUi _*ku»t oU^-^Jl 

iJj^JJ iJljJ^i 3*j»Jl Jj^ U^J JSLUI ^ US') 
.iik^ ijSLjliL^o ol jaf ^JLi^L-L ioa y & js- ^Jl jjj j] 

: (Reciprocating Piston Pumps) Laa ^sJI L.-j&JI olA-^JI 

<5 ^*J| J j^jj .40 ^ JL, jjUI oU, „A a II ^ 

(Reciprocating) ipay *£y>- jjJj-a-N jt ii ^j>«_aJJ iJljjjJl 

.4jfcH .UJI ajlj- 

: (Progressive Cavity Pumps) LuJLl»JI vjLyj*i)l oL^-yaj 
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.^jL^J! IjL» 152 j 151 ^yr ^ iij_s«j-«JI ijjJiJI ij. ./i » \\ 
oJL» J_«-j<_;j : (Diaphragm Pumps) i-JjJl oUr .ft <, ,11 

Lf^^ptJ ikJy> iJu^j lILILaj (.(Outlet Valve) 

oUtviiJl ^Jl>clx-j IJiSj . ^LoJl ( _ s 1p (J-«j^s J*"'*^' 

iwiji^ej ^ J^*-^ Lf^Jj toL^Jl y&>^> ^ iijJl 

oUt-A*Jl oJl» j! .jbul i*^ ^ ! $ 5 » c- Ju^j M ( _ s Jl 

y S_>j5jL«JI SJ jJl Vergnet i^k^i* y ^jl^jl^.«JI ^^SLSjjJugJl 

.^hb IJL* ^ 152 j 151 ^ 
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(J^Ua^U iU*?l) jaJ\ SjJ*-- 2.5.4 

4..--.1L; 3 - 4 ^» J$] 4 J** (j» ji^V »Ul 

(Suction Limits) 0 /a «. II ajJL?- -UjlxJj .SjubJl <jr „A » !l 

IJL* 141 j 140 ^ (j^>Jl cjLk-viji Jjj- cj\ a A «jdl 

.( v b£Jl 

*LJ| JaiL iit^i-gJl Jj«^ij U-j *iJL!ij 4^si]| ^ilP 

IjLjj LoJLl* ^LaJLi cjLlJVI i^JLlaj SI VJ - ?^ u J -' 

aLLeVi jl ^y^L,* iJL^Jl .JL» t> «..7 .>«^-!l 
cLJl ^ XJ>\£ a^-xS y aJUjJI bIa ^ < r J^jj .(Priming) 
dj*- ,y lj-! .^^Sll ^ *I.h^ ^-**>J ^i^j Js**^ 

cP"-^ i/^ 1 -^ Vj-h^ ^'j-*- </* cAr^ 1 »L« 
(Non - Return Foot £j>-lj jJ> (»Uv> Oli^Lj .ii^va-Jl 

J*j. (50 JSLUI) <dLU ^ j! ( _ r aJl JU> valve) 

Ji OLSUJl IJL* ,y A*+j>j ^£Sj jl^I ^r*"^' -Li** 

.L»^» I y>l ^JUaiJl jiS <A\ J _^!l 

Jl OL^Jl OUviJ tilS ^ li r LwJl 0^. Dt J ^ 
UjjJl ^lli 01* 01 f U^JI II* .^J> jiyC b _>•> 

.ij^UH JJ Ul>Jl Jos 
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iw^UI (iiijlSj iJISCJl oj2l\ <y> L»jjj Aj^^a-Jl cJLS lilj .51 
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:5t J£JJI 



SJ^I ob^oJI 3U» jiUa, _ 3.5.4 

tJjjjdL »jU (^IjJI <il_^-Vl ^ISCo JiiJJj .i^k** 
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tk £UJJ .JjjjJI ^ISU y> UjSfj •►lis ^sl s jB 7,„. iJL^. 
.L-bt 3 ji^Jl ijU jiiL (jSL^^I j*4^Jl Ulj- iJLii» 

jjSI j J*Ij«3 Ol i-J»lAJl aJL^JI 
oj^mJI jLi^I LjLs-l iflJbJl iJUaJl jl^Jl ^ 

^yi* OilioJl Cj1>^»II ^Uaiol J jJLp- Lfifc* Jbjj ^^Jl Lij-b 
oi_* JJlJLj tjl ^Lo^L-JLj J-LkJLj i_jL_^V i^-s^jj ^Ja — 

J^, JL* ttU^l 50) atlj iJiJ^i JL* <~J»lJj| oU, „A , H 

.(JlsJl 

oljjJjJlj oLS>Jl & (SttUJl) iJJjsJl iijU^. 01 

<>• (Baseplate) c~J5 ^ ^1 iiJL. i^Jl £. 

^ Vkrf^ oLJ^Ul olaj Dl V| tiiWj J;JtJiJ iiKj jLuJ 

SJVl iJiiVl 2J>*** - 4.5.4 
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|^fJl y .iJhjlj ajj^I jl>LJl ^ iilS3l aIiaL LjLi^j 

oL^i^. JIjljJ i^L? 0 n „A77j t L.b>lj J..; A Til 

IJLaj oil* L> ,.,'.' LfrlS^j tJ-^U- Jjvaf^ ijlilil hJLa jJLj Jl3 
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IaSoa _ 1.5 

l^LJI frjUli JiLL^-Vl <j,i> ^ OL^J .UJLa iL._^** 
oUj:.. ails' ij^j^Jl p^*"^ iJjSlI 

0> : LilSj .ii-Jl ^ oLUJl JbU- *LJ D>- 

v^j^Jl ,J LfLiiL. *5 jS jLL.Vl oLo Djs- JJ ijj-LJt 0} 
^ a L-Jl Ojj- Jtfl^i ^^JLp *_^oJ| 9 ^-jj-Jl -LL^j .2.3.3j 2.3 

.3.6 (_,» j^-^ft <_r*jj -ii j 

: iJbJl ^1 y>*>U i Jaiu> o}\jL\ c_j>«j 

•gOf^Jl JW* Jl oLVjJUU JJL.UJI J>i JliJ • 
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iw^ii <ui*>L» iij^iaj Olj^il e-L^II 
i_J j-J! 4Jkjj J jj>- t)JL«-«Jl jl ^1 « a II dl . t < i^-^JJ 

oL-o Lgjl ^jJLp is-^uLJl oLiljiJI oLaJI <JLoL« 

ijJLJl - 2.5 

^l^j JLu- *Li*j 4j1L£j |»->tr>J| o oLpjT... <o ^^*J 

,Li>J LsLo t5_^> jl jl olj) L^.L» <y>j-*i 

<iL>VL (Lj^LJl jLisJl _j JLfcJl ^ Jbjj L») ^ ^*JI ^'L&J 

ijc^l otiljiJl (j^axj tij&jj .(Guineawonn Disease) L~* Sjjj 

IftoJ ^jSlI <jSl fcd *JbJ M oUI>j .jJSl jl iL- J">U- 
,js^l\ ^j£- <u_>-LII s^^l cjIjL~>J| /_$! <Lu»L»*Jl SJUJLi 

j J— . Si i cjtf iij jj^^i jt ijL. jiJi ^ jlJi ^Lj j 
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^y^Js jljiJ iwJl ^^j^ U^aUi^l <j&H (Wedge - like) ^^L^L 




^ 115 ^j/s tL«_» J-^-u jjJi—Jl jU«L>- jLpjJ 
J— «j (Sand Storage Dam) ( _ s Jl« jJl jjjiJl Ju*. L«_* 4 <_jLlSJI Ul» 

. (Groundwater Dam) SJ j^Jl oLJl 

<ij^' (j^jW-" olilj>- - 3.5 
fie J>a. _ 1.3.5 
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ffiu> 0 *./*^ "*jJ>- JL* jLo*VL .4.3.5 t2.3.5 

^ ii^s LgJ t LfiSCJ j . jUJl ^..Slall ^ bjL *UI ^yLJ 

4^>t_y3 aj^OJj Id.lai pL«J| t_«^i«J Air-Jut ^j]^ i^-L^tJl jas*ji 

(^JL.) £jJu 0I>JI 5 >>- JbjjJ JjJLJlj .0I>JI ^ 

.OljiJl SJ*IS y <~>yi\>. *f>-yA\ J>\ 

300 mm ^ JJL V Uj _^>Jl aLJl <jl_)i- t_iiL. «jj 

V Lo (Outlet Pipe) i^ij^saiJl <_j ^j! ^liJjl dj! »— L»£ 
(XJ*^I <J*\ c**^' <J j** 0 a - ^ -P* 5 ^^^i J y 100 mm ^ Jij 

jiH) <L>-L>«Jl jllp <L»Lj Sjj-vflu diljjitJl ^jj-ij Ql - i 
•LjJLj SULi <jI>JI S-^jl *JL»1 Jviii ^1 lib » i.hwll 

.(Soakaway jl >—> yij> S yb-) j^vJIj itJL« s 

y^^sK^Li L»jkJL?-l i| n_jjJLk<Jl 0j»«-!l («^«- ^j>^ 

^_ a ; l a:7 ^ UJ 
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toUjJLi JJ j£ iyjjl oUljiJl tilSLi* 

*LJI i£y~j> y (JLpI .k^Jl J>?Jl *UJl iSj^-* il)^ la} L^N 

.^jSlI ^ Jl £jLi!l 0I>JI £*SI y.j ^ >T 

JaSfl Jj>JI (»-j>t>J JaSlI ^jJ^I <yj ->l-*-lj fj-^S i^fr^ 

(iliLj^Jl) Jijdl j^j.^ c-jL-s- t( _pUJl iH^">U iiijiiJ al ^Jl 
j£*j ^iUJbj .i*L- 24 alJLL.1 JL* j <^u, 5 ^ ^jUJl j Ji-UJl 

y jikJl 0>JL] JaSlI jl^JI ti*-LJl i^JbJ Vjji*J\ .LJI 
JJ-Ijl!| ^ 0L^*Jl {j*^" CrH ^-^1 (ij^l ^J- 5 ^! $ S-^- 

•-a *jcj> j 5_jJ ^SSl j Sal* iiJLS' jisl iLJl jia~.SH oUljiJl t) j5i 
oLjj olil£- Jl i»-jjL|j .o^Uaiw^aJI ji^ jl <L*S«JI oLil j»JI 

.(5.3 *j>Jl ^1) v^jjL" JtS l^l Jli jJjj- L. 

j] j^UJI ^U>t .2.3.5 

j L&5ouo tLJl 0 <jjjULZi]| <LiiSfl J i_s jJL> j> J-s^il 
^Jaj ^JUj iJjL« «Li j! ialp dS">L-L iljiJI OljJ^ tiL- 
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(jj-jUaJl i^jJ 0} .(Cement Mortar) c^u— )fl Js>">L. ^ 

Li* c. i"^ 0 at -^l*^ 1 J 

0 .(c,:.,..} : J-j) 1 : 3 sjl^LlSI j c^-VL 

IJLa ^> j.:2.Si» Ma.lai ^^iaju j *L<JJ JLoJLj> oil* Oljj^il 

U^ljdl 0l>JI J-U: it W a-*s-j j .^1 .WJI 

jlJbjJl ki (_s^' jV= iijii- iJLjJ ii-iaj 

^ (i— j^jJLi * : ^) 
.(Trowel) gJUl ik-l^ 

(^JLjl ca*->I jl) SiJUtoJI Ci*-)l ^U>s- .3.3.5 

Lu.Ul JjjJl ^JL^JI cu*-)ll oUji- ^ji^jlJ 

O^Sij .i^iJKdl JJISj i^S jsJl <l^£1 Jbljj ^yj UiLi 

iSLjt oLflJaj ^tJL. j ^ytla-^l ya ^JL..«J| C^«_^Vl Olji- 

iUl tiitij .5 ^ail ^ SiLjU ijSLL- (Hoop) Jl y\>\ LjJJ 
iS'Lo-^ ^J-jjj .(oLp- j*-^^" '(J^j • c ■ « .«p 1:3 4 ^y> Sal* 

^ ^JLftJu ^ylyi I ^U-JLo 50 ^ Jil OI^^JD ^JL^aJl jlJL>Jl 

' ' 'J*' j y~^- i^tj (<LkL>JL! i^JLkijj ,J?^L«JI ^ oLiJ? dj^i 
,jLj>- t^L^o jl^i- pLiJ iSiU- iSU^j liijj- ^ciLo ojlui^j 

^-»! SJuJ Li> j 4iLi,lj JbJL^Jl i>*>Ul i.,,..:Ci j 

(ol ^*JLj> 5 Ji! LfJLs*^) 'M 

iJjbu iL^-J OLsii Jj-gjcJl ^L-Sfl (y-Ln^Jl J^4-N V 1 *^ 
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J^b SSLUI J^b J VAJI ^ al^Jl .1* £> ^S^j j 
Jj-b ^ tSjL* tcJj^ JUL- JjSLa ^ju^-jj .ikiJl 
.gyliJI ^ J\ jWUI ^ JjVl UJJI ^JUj-j CjI>JI 

i jLUl jl JLiJl ^ U-jli- S^L* i-SLS «i> dlJLjk j 

.Jla JWUI ^ JjSlI 3LUI J^tfj .(53 JSLUl) SJLpLl. JAG 



*Lu <y ^U>ij i&LiJl *i"5*— Sfl j ^-jJl ^LiSt d;/.*; i^JL 



k_J^jL LtPjj jl^jJl (_J ji £c-L— «Jl C^La-u>Vl o^Lo JjjJ k_jJu>uj ullw< 
0lji>Jl jii*^J -cJljiJl £ J* "i** J 

^JUJI cju->I jl^*-- 4.3.5 

jl ^»Jl j^pJJ ^Li^l »l ^-l* ^ jjJU>Jl til I ...it ^jl^-uj 
LJjl. «LJ| Oj^J iJli- ijJu*l\ jl j>Jl JuJj .SjjjS^Jl 
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-J'jdJ (_r^' -k^A-Jl iiJa i_JLtfj LoJiipj .Is^Ul SJLp-LS 

j»IJl>>^1) JjJlIc- iajjJaJl ^j^-j-tj ^Sla^ j! jj*Jl ojuk JJU- ^bjl 

*LU Ul. JiL^Jl 6 ^ at .-JLkjj |jL * H oi*->l 

V *LiJ*>U oijLo iLflJ» Lajl J-*-** jj^ll <l)li ttiUS !>Uii 

30 ^jj j 1Jl ^I i^U— J*^j isMJl ^ abJLk 2aU 

.1 j1»Jlo 40 j 

^1 1 ni l n ^fb 4j jj£J| i_ rt„rti a ^i*JI j^Ja-J 

jU, iil> ^1* t>lj jl-L,- ^ Jli, .(ciw-.)fl 

.JjiJl i«- iaLjl ^jVl ijji iji»JI 



j^JL. 300 



jlJU 200 
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6yi\ J*b _ 4.5 

aLJl AjLj- |jb>- *+<J\ ^ t<Ji* .jjJi*j tif^Ul cLJl 

^jjo ^ j^s-u> JjJL>uj L^JLmJli jl (^^JLkaJl f-LJL ^Uaijlj I { 

tjLJ«Jlj toljJLstJlj t*_j-*oJl Jjj-J » ! j^Sljtj f.LkJij ijjLp- 

.jlJI jt wlj^l 3]^j 

SJLoLi jl j j . : ./a fLJl JL^-^j $ J-va-ij t-ULii j-p "AjJUj 

Wa.t i_J jjl i—S^ y l-V^ ^r^i 4^*' ' ^ J J <j^"*i ^ J 
£*a>j p-L*- _jJl Jj>1j- Jj-ta jt >L*^Jl j! L^LJLkj 
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Z>Jl» _ 1.6 

Mj .ijJLjJl IJL* J ijb-'jUl i^JLx-aJl CjIjj^l^. Jj«-?*J 

JL>oi ^ iJlS' oLojJjui jijj (_^1 IJL* ^y*— ^ 

^*JI ^1 V- ^VJJ JI^V ^1 JL* 

4j>j-«^wJl OLSLoL 015' liU .4 a ,t ll cLvo y» <LLJJ *L*5 

1 4_iiiju i»jLj- ^?-IjJl! <jjj_i<jL— «Jl oL-oJl /^aj <5xJ |j* ■ ■ - !l 

^ L»J-LC- iiLio <LoJk| 5 oi-A .Jaii ^L*iaJl j.y»?*lJ 
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JU*2-I ^ J l_ r <a~.Ml 3 s Tsll«s-. , Sfl <* r >^\ ^2 LnJLi* U^M 

: jLjjJI (_j jT..i« ^Lij JJUS j ij^k^o ijJLj j!»Lj> L-ftLo 

oUa! jiibjj .JLS^I jl>LJl <J^fiJ)i\ oU*i»«JLj i*nUl 
Li^j SJ^I^jl ijJ*i\ ^> *U i»JL« ii^kj JuftUJl oljUJl 

gJ>s$\j 3, a, /nil _ 2.6 

4.4.3 *l_j^-Sfl ^ SUi ^1 j iuL^dl i^Jljuo d^j" JLiJ 

.2.3 *j^Jl >L< i^Lj 









*i~AI 




J±>) Sjs-SJl II il jil SJljl 
(,_-ii.| ^ .1^4 t jljjSlI 




.1 




AJJ ^,^-Sj^l Jji>J.I fal^l 
0 n m ; ;,1 ... ^1 «.l i » i 
r l* ilU- j| l^L^j LSL^JI 

fili 1 ! jiLn ijAij Ji^i ilyJLJI 

tojljllj 




.2 




a.I.^11 *iJl»JI j| jil 
oLjL^JIj .jJ^JIj J, ^1 




.3 
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.4 


if 1 i ' D 






.5 








.6 



1 . p Ol-Lp oLi^J 5JL»L>«Jl olij-LiwJl J-j_jj 

jlj LLJaj (»JL>r?,., «ll ^JLJLlI f.Lii| L-JLkij lijkj . (Guineaworm) 
^lj»«iw»lS' 5jLil £t>j J-^J «Jl f 

JL^/Jlj Oj^l -3.6 

olijj Loj^iji^JtJl o^*^» JiSfl S'i*-! Oj?- 

oU^ cLJl IJLa ^ ^^-« dlJJLS' XLijjLfJLJl >_■;... 7 S^i-^ 

iijUJl iJL^Jl J^h Ij^^JI ^1 y\ ^j^u If* j (Patho^ns) 
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j!>li- JU> ^Jl SJuj; Jj j^—^tJ i^^l (_$_ji-~«Jl ^^Jlp 1^ 
i^JLL^Jl j^JL>iiJ ioJjiti^Jl bilks' SjiLJl iljjiJl ^jjLj-s<» ^ 

tojts'i^ii aJuJi t j-Jjtj s^ipj .7^*^ q ,/7 i 1 1 ■,^fl'>fci< ^ 




.JjpyJl c.i ■■■-»■" fcilJJLj JiS/1 SjuJ 6^ ju »UI 6^ 3 s _^>Jl ^ Lib is- lyysJI »L« 

: L*jj c— Jl jj-'J tUJL L*xp jLj^j jl LjJj-* »L*j ig pJixJ _jl L jji 0 j^Jl dlIa ■ 

.2 i _^JI J_il i3 JjJi Jl 2 :_*JI J b jjijl .Ul .1*; ,_£~l (I) 

.1 i _^JI J_*l t 2 :_^JI J) 1 i_,*JI j .Ul .i- ._XJ ( v ) 

.^iJij JUi .Ul 1 i_*JI Jl (4 JkJI) >L*JI ,y .Ul v 5 ^ 1 C-*> 

Jl ! jUJ lijj y tSjA Jl ^ id ji_X) .Ul J2J U y LUlk. pJi^J 



. jlj^Jli iJUJI r llU 



:5S JCiil 
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.56 JCJJI 
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to^. L: ..* iS^ji* J^Ih ^i^fv (J liLi 

JljJjjJl y iLJLi L$~P ij^l J _^<a>Ji 

Aj^I V-^ 1 <^*J ^ ^ (ZigZag) 

.k^,^ 0 j-SC^ .1 : 8j 1 : 3 ^ ^jl^- jl^^I Dl>- J> J j-kJl 
bUs»l) JlJ^II Jj^d dlJij feL. /jL. 36j 4 ^ JjaSfl *»jJ,\ 

. 1 m 3 /m 2 /hrj 0.1 ^ gpf^Jl 
JiS'y M JJ LjJli iiJa iaJUl IJL^Jl al^~Jl cJl* laj 

iSji dUS jlf£-l la....)! jt^tfll (_»JLA J;i>«J 

oJL* Juu Uutj *Ul ^yL laU ti*L» S jis J^li- JS'jz] i^i eLJl 

IjL*^! SaLJl j . jiLS jJl ol* (jAp (Coagulators) 

p . ; - H\ oLlj^ jl (Alum) ,_, * II ^ SaLe a^j^tT ... n il 

. (Aluminium Sulphate) 

(Moringa oleifera) 5 y^J. jjJb ^ JlS^o ^1 (j-SL^jj 
JJ LjtkL LsL^S" J*l»Jl *Ul (Flocculators) oIjlL. ^ 

jJij i— w Ijlj (ill 



180 



(Moringa S ^» • M ^ J «-~SJI ^ j^l-jj 

p^L^ JJa-. ^1 OIjUoj tibLJl ^ji^. JL* LjL»-t Oleifera) 

.jlS' ^1 ^ Lj)f jiSl jl i*L. SjJ iJl^ Oja (>• 
^jbU^J ^ ^1 k£Qj) iiaj-Jl JLS'^dl ^ijLjv *j jLiJL; iiJLwJl 

(Fflter) ^iJL 47 : » ...7 ^ ^ ^JLj ^Jlp .^j**^ j i^Jl 
•l^jJ jSUj V UIUII SJUIl aIjJI ou 

^S*}|| (^va^JL, ^jVl 5 _^»Jl bUj'j Lf «a>J\ y> *jk±*j> f^»*J 

^ t-jjb^jj jl (j-^Jlj jsISjlJI jlS^j .t*»- 

iMU ^ Oj-SL*Jl (57 JX-UI) (Upflow System) ^^LeVl ^ 
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12 - 18 mm , 
8 — 16 mm |v>>>>j ls - ^*" 
4 — 8 nun p^r**^ l*^*" 



VF = 0,1-1,5 m /hr 40-90 m/kr = ,_i_ r *i!l Jjbu 



.Wegdin(1996) I^U-JI 



:57 J£ill 



fedfe _ 1.4.6 

Ljj^LJl {ja SlJl <y 99 ^ oLs^Jb j^Jl ^1 jjl ^^hj Jjji 

Lo j^, j^jJl ^il jij t (Cysts) jj-LSS/l Jl» ^1 ^obU jiU" 
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^sJl iLJLUl *LJl oLJ j£ (Candle t ^— 4 dL-l^l feL. 
^yJl jlsLuJl fJJ*i~J LJi oL^^Jl aJL*j 

.JL^JI *LJI ^Ijl^l-L, ^j-kJl if (di#jJLj) 

Lu5 .4J ^L>«_«J| jjJI jjJL) SjJLS JiLo 4-Ljb (_J ^1 i\ y> 

'°$5y> Ol jj^*d ^1 ^j>y L'Lj-! |»JL>ti^jj 

/jj <uLkiuJl j .j^<^>Jl ^ Lola:: j j ^ j.lai JjLsjJI 

(_j jJl yili t JL» ^Jl ^ iiki^i p <_Jl oL>*JS 

JL. j ^1 (5-7m 3 /m 2 /hr) Jj_« ^ J-^j 

^^^jj \ij?£J>\ JjJj t^iil eJaJl ^Ji jiJl j .(0.7 - 1.0 mm 

-L.j_«J yLSl SfL.j {J^jl^j (0.1 - 0.2 m 3 /m 2 /hr) ^ Jj_, 



*UJ L-Lu. ^Jb^L^, "tej .(0.15 - 0.35 mm) 

(.Ik JJ ^1 Jilidl Wh "LJI ^ J ^ ^1 

i-i^ji aju^i oUJijJi _ 2.4.6 

Ol y^s- J-^-^ Ajuj— Jl iJL» jJl CjLstJ- j-<Jl ^ Ian a (^jJLaij 
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i (Pressure Filter) JaJi-^Jl ^ y J -MJ -J^jJl J*^->- *UJl £-»Jj 

<jr j ^JL>r7 tJaji^iJJ 4_»jUL» j£j j£ SJj-j (J-»-ta (J-^j-Sl 

SJ^JI oLsU^b la,,,,. *LJI J- y> lij U^M *LJI ^ iiJLJl 

.p^jiaJl (_jJLo_^l ^i^^JI ^IJitluiL jl i(p_JLxj) 

^ h I -wJl i_9|j-^-j-">U j (Air Compressor) *l j_* ia_i>L^> 
cilJJLS' _j tidizj> »- As ->il (Fluidize) J»--" j (Backwash) 

oLn-g^-gJl ^ >*:,„.* ( _ y SLS U : 3 »j jS£\ SjLp ( _* oL»«Ji ^«J| 

fcJaJl SJLo ^1 oUwij-JI - 3.4.6 

> a, 

^ ti^s^yi aijj ^ a* 1 * jsst i«it j\ iiUNL 
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.0,9- 1,2m J\j^ [#51^ JaJ\ ^ aZA» J,jjL> £li 

•ii-L giaJi j^aJ aJL. aJJi a i» aji ^^.j 

ipL^)ll -kJwiJl ^1 43U)fL ( (> .1^JI ^^Jtf) (Adsorption) 
4J^So L« jjk Sj_w«_«J\ ^Ji j^Jl I jjk jj/*! jj- jjj . (Straining) 

i^>UI ^Ja^Jl I Jl» j . ((Schmutzdecke) 

Q> I Sjj? j « ,/) a 4^JL?- J^jj-SLlJ <Jj_jj>c_»J| oljLjJlj Lj-JlSLJ| 

015 li^j -jj&-j> ^ ^J. ^^Jl ^ba^^J LaJlj *l«Jl j£j 

gyk^Jl (58 JiLiJl) Ji-JuJl JU> ^.b:T ^l^r^" ^iJi^-L 

>^>J|) (V) <_»j->Jl JiLlu 4-<JJ ^m—J J .(J^LiJl ^ 

4*>j*m ^Li. Jl AiUNL 2>«JI Ju- Jl* jl Ji-jJl (2.6.3 
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l. .illat) ♦LjJl ^iJaJ -1 % /-> „±j LJ 

»UJL _,^J| ^tf ♦J* Sal*)/ 



. t: 1 I.. .1, <r 




:58 JSCill 



.SJIp- J^JoiJ <Li jjj lij 11^..... Jj^j 
I JJ »^kJ| Jl^Jt ^Ji^JI ljLJLJ vJLkb 

.(1.5 m ^Ij*-) <^lijjl ( _ r sflil ^tJij^JI ^tla^. (Jji *Ul (5ji>~xi 

f jZi H j . (10 - 20 mm) ^kJI ^ ^ SJIjJj laJS ^ J* J\ ^Ja^, 

Ju^j V ixjlruJI uLJkuJI oLJu-p Juo Jj> jJI ^LiJjl ^.sflj 
jl 300 mm £lijjl> uLJaJI J-°^JI ^ Jbj^> iiL^I t600 mm 
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iJLliJl 1L>J1j .o-Lfr* JjL. Jl J-^JI £liJjl ^ 
JLJ L» 400 mm L«SU— ii> ^ viii^-Jl ^J.jJ\ 
JUJLfJl J,>J C L-JL! ai>J| a- ^ Jl l^jlj jl i J-jll 0- 

5Jli _ji3l <LSJaJl (jJjS^J jjl^Lw- J*^Jl ^ **yr f^ 1 

V t^LJaldl 5JLp A j>\ Juu ^J. _^Jl »LJ| jL LJLe Sale 0JL9- 

ii» ^^l^i jl fUi ^jjjj SiUj iw^j 5 oIa j*>u>- j 

.(5.6 ^1) JUj 

^jlndl iJL** otj flJL*i~.Vl jJ JLs-lj JUL* 01? lij 

JJ ^Lt oJl* ^*J| *LJl iji- ^s-ail (^*4 is-b» jl aiSUj 

iiJjJl Jb-lj ^» ^ jiZ] J^oiVlj .olJLk^J 

UJbcJl .LJ| ^ o-UJl ^jy J & oU-S^Jl f U 

.Ijj «jfe-5U| AiJiJ Sjd 

Jl5l- *UI ^ Sa^-^JI j^KJl oliL*, 0V JUij t 'Ulk. j^SX 
.(2.5.6 *>Jl) J-jJl t/ 51 oLsKJl 

l-^j -uolJLi^L; jl iLkJl J^ij tdlil! .^fJl ^SlLi c ,.,.! 
ivfj^-^j obLtjJ Las' jj-Jip ^ o^^^aj ^ji* Jj-^>Jl 
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:J1 

.Sal* t600 mm ^ Jjjj V J^jll J** d\ • 

0.3 m jisji juo Lais' ^-J j** • 

u ilaaJl j iiL^aJl JJ J.;.t:!l ol ^i* 1** t(1.5 m ^ Vju 

ijjj^laJLj yS yS\ ^iJLit^iLi £j\ jZai\ oIa <L!LL>| ,|J->- lj^/al 

U^u_ r L5Jl ^LJij t (55 JSLiJI) ^bWl jl^l SL*~JI 

J*iit OjSi J^LJI *LJl ^ij- ^ Jv^i~Jl »LJI $ VJ 
^LJLJI r bL.j ^.J^ ^» UUJj ^LJU . f UJ »UI & ^-SSu 

^Sa LS toJUJL?- idJaj LfilJLi-lj ijsJa-Jl J* ^1 ialaJ ^UaSuJl 
^lj ^LS? j ^i^Jl 11a >_i : b:' ills- JSLb il^Jj t«">U4 

.ijiUtfj SJLs- iL-j 4 _^L5\j«J1 ^-i^l tjls tkiiJi 



5.6 



loJLlo _ 1.5.6 



JLsLajSCJI oUJLx-JI ^^JLo Sal* jlla* (Disinfection) 
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t(UV) Lj^JcJ\ Jji JuuiVl nS>J v^Li ^ »LJl 

iJlj_ r g_S' ^jUa^» ^ jl ^..o . ti l Lfjip Jj^<aj>Jl ^l* 

.L^J* ^ OtLSljjJ OlJjji-Sfl Ob5j>Jlj 
*LJI ^^SCJLf^-^o fr* jl\ c^-*-' •*^ 1, H ( _r"-> JLj ^ 

_P ji^l (Jiflxl^ ^.aJL-^-o-Li ^yj^^jl ,_JjI^<Jl ( ^ r ^> t j 01* tJlSjS' 

.(4.1 »j*J| 

<L)^£j LfcJi *l ^s»-J jj> ■» laii < oL^Jl |t-j**J 

.(►jinlJlj ^ij^lj t-fjkaSl oUU (»L2]I lU 

CjIJL^L ft*^ - 2.5.6 

i\y> ^Ji^-J Jij tjjiSCJl iiU^Lj Sal* oLJl jaL,^ ^JL*j 
JUaij SaJb»^Jl oL.I^jl-"5Uj .<y>Jl llf! OjjjSfl jU^ ^>-I 
>j»cJl ^ i^y^y J-^j .^^j^Ij^JI olii^o^jj (Jtj*^ 
Ji^l^J JJL»«J| j^^s*! JJl^Jfj J_>J^I ^^i* J_^aj»Jl jil^j> 5.3 



,2^*^ (2 mg/1 ^ ji^I) iJU ajt j&j jip j ,oL j jjiJl 
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£>f ^ o* Jt4* <j"^ ^ oJu " 

^Ul ^iJUj ^1 ..'..<■ *LJl p-*i> Jji?^ £_r?^' "^'j 

J ; ^-^tJ j 1 /»« j*yi V J* • 

t^LiJl ij^LJl JJUJU t/^^^l JJ^I ,>» ^iii«Jl fjdi^ail 
jjl£3l j^aj j^y £yj> y> I j~£ eJ$j>-Sll aJL* C kilJJbj 

■l£ J ° j** oti <j"^ ^ 

ifot«t.^U LjT *LJ| . ,/tj J-i ((Contact Time) ^"SLlII 

*UI V^J (^i-siJ oj^Ul j^KJl oUi cils>J • 

J^kfrJ .k^J >-T JUi*: ^^J| aLJl ij*^; 0} ..UJI 

j*Jl jL^I 1^1* J^. ii^I i^b- ^13La • 
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JLui\ j>^\ j .(Free Residual Chlorine) ^S-iJI 

J^lSCSl <j/t~n~ »LoJl ^ ij-<a*Jl otf^JLJl <jj^**Jl 

ijjLLjl ^3, To II j_jJL5L!l <L«^ Jbuj .jjjIUnll ^1 otII S^i *U^jl Jju 
oLJl j-U^ ^ (*U!l 0 jiUJL f-y>- 0.3 jl) 0.3 mg/1 J 

.^L>dj <^i>J jS fUI jl j_yip <LMjUL! 

0.3 mg/1 ^^1*! £-b>J U^iil «Ia j^l* J j^asJS j 

t jjKJI -jSy ^Lii (Kit) ik~-j SJ* JjZj .(3 mg/1 ^Jj) jJtSL 
.ijSL^I ^1 ybU j^Tu. £b»J J 

^^J if^^kJl j^L-j-il ^^V^ ^U-I Sj^JKJl ^J^:..T 

<J^»J UJ|j ^JLiaJI _ r «-«Jl ohilSGl , - r ^-H » jj^^L; 

^JpLitj: ^yaj .'Lu^J'ifl iSLjiJl 4-!L>- iJU«J t£jj_jiil ^Uii ijLgj 
Jj> U>j! Ji-b cLJl -kiv» O^SL L.J^* J^»Vl bIa 



t( _^aJl jl jjUJl fLJl Sj^lS 1 ^vsj V US' .J*jJl 

:j_jK]| jj jJi j! jlS jiii tiy US' .j^KJi ^^uj ^-UjVi oV 
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L^JJLa Sj_yJLSCJL5 <LJLJL>J| 0^ Jas-V j-La 

JXJLj J-o-«j ^UilJl *L2j Ql o i^JJ j-^> JjSI W. ,,<?j »l l 

Jjjij V (Clorinated) #Ijl>^.I jlauil ^y> 

^ ji\ iisLL-j ^ ^LliJl j (Aspirator) ikLLJl 

.(59 JSLiJl) (Constant Head Aspirator) 

(Perforated L^L^o JL;} o ^>Jl hJla ^ jl^o ^jJ^l^jj 

*Lo J} *J (j-i^- J^j • 0^ j-^" P°t) 

V LjiS^j ^L*il ^iJi^iU *LJI (^i*^ ,^1^ tjl—s^t 

t(Javel Water) JJL>- *L ^Ij^l-L Ji*i Jy*Jl JjJlJI j .^LsLJl 
*j»Jl ^U) iiJl ^ 1 .jSjj „LJI J j^KJl ^ ^»i> J j! 

JL* ^yJl iU*} j\ ^>^ai\ j^^as^i] ^ j .(5.3 
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£Jr** Vjfc^ 



S_ r la r JQ ((jS^Jl J»j 





Jjl^Il J^l*fc« l_JX«J k_ J J-jl 



:59 J&ill 



( vJx*jj L»5^ 4liL_Js> (j— ji^j J-*-*!^ jj-Jl^U ig-iLL* <LJL*i 

^ 2 L*jIjlLo a JUL; iJjLwsflJl ^» (Tincture) J ^1>«-«J> ojl jJi 
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y^tJl SUJL r >:Jl _ 3.5.6 

liUSj t*LJ ^L^*_<Jl -L^Jl obilSLil *^aJl J:5.. M <y_pl 

*LJ| ^ < _ J ^>^«S'jVl (J^j^^mJI SaLj <j! Jii] 
o ji* J">U-j ^ »UL ^^LJI t-a-s^j i^iiJl tiLj=>«j J^i- (j» JliJl 
H^S j clII Zjjjf** AjIpU jlajjj .I^jl^JI Jjbw (^^jjiiSl 
jla-^aJ j . 50 ^Ju jj <jt IUtji V j Sjl ^>Jl *srj* '^ji 

^Ja-i ^jIp! tiLLiJl I j->rU,< j ^>r U „<i7 (Half- Blackened) 

,^$1! j S> ; /> » ' «_,-* (PET: Polythylene Terephthatate) 

C^=tj (jLjlil i_fl,/?r. a) Jlj^Sl CUiJ 1 ^ U , ol*L* «j- 

^ sal] 3 ^7a!l oJLa j j-^p iuJl 50 —j SjlJLo jl ijiLuJ *L«_ui 

^^lp SODIS £« y> ^^Lp ii^aJl ojjk J oLo jl*-dl 

^ LfcJj J^-jl]| ( ^Uj ^Ij t(cJ^Vl) i^JLJl iSLiJl 
b\ it^j . 3 J^JLJI J Sj^Ul ^LJlxJl J 1 * GARNET 

5l*ljji £« <lai^ 'J>*ta jJkj *LJ| t^J^r-lj dj^ji V < _ J -LlJl 

(j— i-"-; Ajjj- J i/a Lj .sJU^li J^>JLjl^J| Jukj L> ./all is">L_Jl Jsj^Ji 
ajjU- ^ <JLSj Jl* i^^-l Sy> Ls"51j <u|Jb>^-l dtt 3 ^ ijL>^l 
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.SUS *LJl ^ Jk 

(Solar Water <■„,. ? Ul ply;,,,,,; UU> i-JajVl ol» 

ii jJLi S jJL-^JI i-J_«_p J-s^-s^j jjiJ j t ii jlL! j . Pasteurizers) 
79.4 *Ul Sji jj- gij ti^lkJl 

OUUJI - 4.5.6 

{y> a jJb>uo ^ <L2j^]a£ (IjLJLmJI y ^" J 

1 ^gr.-?i 3Jb*Ij jLJjJL oLJl p-JUll iJa^jJl i^jdlj ,<wJ j-lJ! 0L0 

0! OVI Jisiu, .Jrtfl ^ jsiia iJuJ OUUJI i>-ja Jl »UI 
^1 J^v»^!l OL* tLijJ^ ,j-J SL^aJl S^l «JL$J *LJI ^ 
j^JI j^Jl JjlaJ i^^j ^iSt JJlia ^^.J- SjuJ ^JL. 100 
. i>-ja 70 J ^» ^11 JJ JiS U~JUii tislS' <U» 

jU^iVlj oLJLiJl juj-«JI ^Ijl^jlJ 0\j .ji^^a'W p-*l>* l >*» 
*£uj>^j fUl -u^jj Jbu flail .*LJI jt-«»l» 

j^d ij^j •> .rri ^iJ V*-^' -k> .r 1 ^ J*J "-r^i 
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|»jJa)1 c^Jcil j i JUAaM aijjj Aj^dt _ 6.6 

^ O^J Jl A*L^^fL ^Lj^uo *LJLj L*jJ» jlaLJl (j^ao J 
Ljii> *UI J«j Jti oLsL*^! oJLa d)T 4ojUi> ^i- L$jI 

^ (j^li Obj-*j ^ tjjiJLuJlj JbJL>Jl ^Ju ij^iil j .ij^Jl 

jl ^yLijjJaj j j i jj-S^oJ L^lj cjLij-^i fUJl 

jlyiL Ajj^iJI J;J>J t^S'Slfi-Nl £*I»mJ| JUaJ 

Ji-b >jUJl tjva^Jl (>» (<JA>) Jr^* <J yt^> o*~<> 

.aLoj jj-Jl^o SjLil^l ^>oSfl IJLa J J-^dJ ■I-JLjt i-oL~o 

L*JL«j O^itj teLJL s-jJLu t_a (Ol£JL>- jl) <ujL>- Jj-b *UJI 



^SU j ijjJLJl 4-^ ■/» » !Lj Ja-i^ 5j-*L?- oULjJl aJL* j • y^L; 

ciLSL* oU^^-Jl oJl* Jj .*JaJl J* Jl £--y J L^s^* <-"ii 

^^-^jVl ,y 'LilS' iL»S' j^i* oil* iL^rkuJl aLJ| (^j^j .f^^laJl 
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gUl _ 7.6 

(Still) _^kadl ~t>}4>r\ b j& j 5aJ-*i< JSl^ki ^JUl »Ul ^^ili 

t<L»ill aLu» tjJ>-\ J$\jb <L>-L>J| 

i^D Ja^jSlI (^s-Sfl J^^aJl f-^J <L*-U tJiLfLi^Jl 

*LJl LfJ ^c-ij Ijli jl kllJliA tjU t js^t\ » 4 la,-. ".oil 

jjUll AJIj| _ 8.6 

,jJ> cjL* tO J^La-!^ 4 ^* Jbjj J^lj^J j_jJLoj\ -i^-jJ LoJlitf 

Salpj .A^UaPj <ullu»l ' ■-■"l ■A-oVl (Ji^jJ* j j*"' l' " *^J^i 

JlkJ iJ^*Jl sL<Jl cJLS" U-j t5JLs«Jl 4..UII oLlaJLJl jJL»J 

Jl^5 S jjLi \ n 4 » . : ij (Alum) t^. .t II j (Lime) ^^j-*"^' iiUiL 
(Nalgonda «|JL5 _^JU -LiiJB iliidl „ 1» "" j • (Sedimentation) 
Ju~5j\ J*>U- *Ul isj^ ^Jh dULjkj .Technique) 

. (Bone char) .^^JLJl p^iJl J">U- j] jJuUJl ,^*Jl ^_^l^JV( 
OUviJ JL.SII J^J» 
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J^SI y O^i iH-iAS' .iyaj^* ija»v> iK-luo Ji^Li yiVl t. 

^JjjJl 01 5j;la»Jl j iikl ^1 j^l j^Jl -^i*-* -Ar* - * 

4 la. ... JSl Jio £j\±xZ-J\ < _ y l* Uajf ol../gS:!l j liiUtiVl el* i^yj 

j-ij-l OJj t (Alum) i^lilj j^KJIS oLsL*^l ^y> ^IjjJl 

iflj^ f Ji*i-Jj SODIS i«j_^aJ ifiLL. JJI ^k!l si* 

.^j^JlJl * j+al j*j> bi LyflJ SORAS *L«Jl ^ ^JjjJl 

.4^&uJl SJjJL>Jl ij^-JjjJl ol^JL! ~L^J S^i (j « Jii Lf aj J jci\ 

.Ajj^lJl Jbu iJl JJI jjp JbJL>Jl CjLS^aj iJbvl* i_~u yJ <UP vlJ jJl 

*LJ| ^j} JjJb>Jl oLS'y. iiUiJ ^ Jil ^Ul ^yixj JL^*J niLIJJ 
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iojfc. _ 1.7 

Ujli^lj tv-jliSfl al_^ & ^JVI jLii-L i^LUl obLSfll 

^yijij ^ j-»^J SJLpI ... m 1 1 J-«-lj .eLJLi ajjJl oL£~£ j^-jjoL/ijj 

*UJIj J>AI -lay -2.7 

*Ul obL^f jj J^* y «-•->- (^—L^ cHJLa 

dUSj tS.sL* ji-^l ,_^a*Jl a* 2-A*l^» Jfli! 

*j>\JJ-^~.\ jj SaLij Sal* i^ij LJjLo *LJ| 

jtJ L» oL«JL o^-jJl j*f>«j ^J-* 1 v j ? c i iS.^*^ 
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<,<^>t^p IjUoj-I < . .-" LjJli -Lj- ^J^JLj oL^Jl oJLa {jji f j/a\ 

J^j iiUU il±/)LJJ JiLJl ,y^*Jl SaljjJ 

i>cJaj ills' ^iSl <Lj^jV| eLJl ^.^Jl -^j 

IjSj* Ql» ^UllA Ot Lip .oUA £jj^l J»l£ fU^lJ ^ JUJI 
<1)jJjCLi~o jj-LJl t)t ^^Ju IJL*J tioJjiJl ^ (_g Jl 11* ^jJLp 

Ol jj^j J^ya.->«j ot t LfrJLg J ^aaJJ jiSl I 

oLJl olalJLP plJi^-L ibl^Ml <~~~^ ^kJl L.1 .lt....fcKj ^ 
oblJbJl JUjcl-I Ot oLJl jJUk ^^Aii^ Ol ^SUj <uli tJJjuJl 
SjtaJ oIjlJLoj SaLj (JJ isU^l LgJ c. ...tt^q ills' ' i^yaj ji 

^ t"5L^»l C~-Jl i-SL-i j^j^J ^JLp «JL>- ^ f^p-j 
S^liil J*jU- Lfi C~Jl -ki^l ioj'iUl <L~;jJI t_-jj\jSft isLaaJl 

jJUo- JUL* V\ UWL. O^SL V uiiJi V} .f IkU 4...../it1| 
.•LJI y> jJLal^Jl oLUalJl jJ y ^ jali ^L. 

.ui ^ _ 3.7 

iuo £i)^J tjJ> oLJl Jjvi>«j Jb ^ 01S lij 

p ..,/tt)I <j!j tiy sJJLJl JSLJIj ^LyoJl Ol 
iJytJ ot <^-*«jj -jj^-H L« J-«— 'I «LJI Jj-^J iLL-p Jjc>- ^ji* 
^LJI jJUaJl jj^>J Lfljt US' .^ : , a ,/»7!l JJLju 0 j5CI^7„..,Jl 

^JiJl) SjjUI cAijt j^J-ljiJI <-J^lJ j±A : ./a \\ ^y> <J\3 iJbu 

.( V L<J| li* ^ 2 J^iil 
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(Washers) olSQij jjjJ o! ijJua^JU f-U^pVL i^^l ajJJ y jl! j 
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(Self - jJLjJl ijJla ^LuaJl 01 .<±* *w-»_ r — dl ^k^>\j jj . : 
bli iUIL i^JpVl J> dj& V oLj-^l i^^aJlj Closing) 
dU'ij iLjtj^xll ^ L^olJLi^il JI* iJLi^ S^ii pJU 

j^c*** ^\jJ^m\ jU<»i LaId t^* 1 Jj-s^-^l jj; - 'i^il 
Jup L^jcJLifljj t ^fc^* J j.^>Jl J^»j U...it 

Ja3i "V jJL» yiVl IJLa ^s<ajj . Jt A^ai\ j* JuLU.->- ^jl^I^J 

,_jJLll i-j jJ^I ^ ii^j t£^\ Jiia^Jl fLJl t-ij-^j <y 

<_J ^>~» ^-P ^ £)! J-^ii ii^laj t^*f>«Jl Jkflj 4j ajjJ 

t-ijjv^ t ^^L* *[iJ\ iJU- •'-r-iy l* 5 ^" 

0l ^ j^PjJI ti^AJkSlI ^^L* ^^a^j SJLill^Jl oLJl 

y j . (Soakage System) ^ j] ^Uai^l ^ UoJ Ljij^ j£*j 
jl S^i^j ^fc— J Li ^L^aVl jl p-laJ ^^i* ilL.Sfl jka! 

c-j jJLiJl 2 jJD NjLjJ .(60 JiLiJl) (Soakaway) c-j jJSjJI 

.(61 J^tJl) <L>t^Li ijiJa-J Lfijla^jj iijli LfS'^J dr^-d jj-**-* 11 ^ 

.*Uae j^JJ Sl.^** 1 s j 5 ^' J 

Jliit f «,^;7,.,.)l oLJl i^vad i5 >Vl JsIjlJI j 
JLJ Jbi^Jl fLJl flJ&iJ j] t(62 JSLiJl) iL>*vs> u/j" jl ^£ 
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V^ 2 




. IRC (1979) 



:61 JCiH 



^j^o ijj—i ^st^0 (J^~; -^-'-^^l *l»Jl iwij^-^j j^Ij lijj 

^ _^>~l 4-w^^L>- oLiJu» ^gi <L_>lS\_«Jl oLx-s-stiil ^A*; i» ^jj 
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J^jb (mm 




Oli jl jj>- C— *JL>wLw-l lilj .<L1»j i^jVl Jjj-Jb £w_w~J 

^jVl Jjj 1.4 m ^LsjjI <_J& * ■» H OjSo jl i-;— -LJl ^ £c~^2-> 
^ jVl ^ 0.45 m ^IJJjL ^ j\fl ^ lUjI ii_>L5 3 .„ ; « *LiJl 
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JU-jjj |».,». t^^Sfi frU-i-.'itl Ja>- jl _ 4.7 

cjjjVl jI^ - 1.4.7 

Jaii ( _ r --J 1 f-LjJ oJjLjo jz&j <La^»ui c-wjLjSfl Jajj jJ-^LLo 0 j-^J 

<-~jlftl cy : (Metal Pipes) <Jju^\ c^LiSfl • 

il» :(uPVC) LJLp ^^-J (PVC-u) Jl c^Ut • 

t-^uLil : (Polyethylene (PE) Pipes) j^JLJl ^^Jl V**^ * 
^ MDPE ik-^uJ| olij HDPE aJUJI «Li£Jl oli PE 

jLUiVl oli PE ^Aj\ Jikj Ajiji* cJL^ lij 
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JUL L. i(Jll»JI J~~. Ju. 100 m) *L^> oLiJ JiLij S^J^I 

5JLi-l (_j!bJlj_j l-laj^il J-sfli^ i-A* 

*l»^--i £j*£*^*j ji ^IjLitL^iLi j ^"L>iJ PE i — jlil Jaj^j 

^ t-JUJl 0 jSi ^1 j (coupling) i*U»Jl Jul j jJl iiK Lo 
ojjj-.aJLj (j-^-ij oLiljj>tJl j! oWj-iil J^SLiLii iw^jLiSfl jl^i jj 

:(Asbestos Cement Pipes) iJL* j±J>\ c^-^«Vl * 

^jjjVl *ti~S~.Yl ia^ ^ -2.4.7 

tL^ ^aJl SaLJl JLp bL^I) t-^bU JJWjJI ij^iiJl • 

(Static Pressure) ^^LJl Jai^JL; ti^LiJl Ji-b ^L. Jij 
JaJL-j ^sJI ►LJI jcJ aJL*j Sal* pUI -k^ ,j-Li j .iJaiJl dJLL" 
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Ji-b fUl aJUsj (_gJLJl ^lilj^l y>j i (Pressure Head) L-lj Qai^> 
^yV^l '*^*J .ii-jcJl iJaiJl dii; ^^i* ^^JL^ lS^j-<^* 
^ Lfj j ^iil iiaiJl <J^"b ^ .J^r" J^*" Lf^-> 

.OSLjJl ^ ikU U> jl ^1) <> 5U_, L. (Pipework) 

j^^l r UiJ gls*! Ji t ^LJL>Jl >LlJI .6ll. jjji ►lj!) 
(Break Pressure Jai^l c.7a:i W..^ j Ol^iti ajjj 

Ji-b -kAv» <jj! iSJLL* j .iSLJLJl Tank) 

Jit JaJusiJl Oj-So *— » j-jjt Ljj^" 

. (Static Conditions) O^SLJl oVU .kA^ail 

•v^i >* Jlj*-I • 

^liJl) tJUaJl Sjji J">U- «LJ| ^ S^j (j^^ SiL* fUaJl p-wHJ 
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fLiiJl (63 JSLiJl) ^JyJ-! OW-k ^LSLaj 

£jL»- iKLij ^j^l ^,1* JL-^j <jj]\ j (Branched System) ^ii*Jl 

l_~jU^I ^0 (Grid) iLoL«^o iSLi ^^1* £^J| IIa juj^jj) 

^^1* Jiii jjjj til <1)j3 ^ ^JLsfilJl ^pS/ i» jUuil ^ 2 

.fUkJl JUL 

^i^Jl II* -V*^' i£~iJl ^UaJ ^ :< >.^7l ^"jLJl 

AyiiJ cJUaJlj lOlSLJl JJi* J dW^jJlj t 4.l.«7....1l oU-^U 

yjjiVl -U-jJ- 3.4.7 

(Laying) J~*jj JJI ^ **lsi«Jl jl^Jl ^Ll>^- 
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^Ij jLipVL JU-Jj If^j t(Push - fit joint) .ki^JL c-lS ^1 




0.6 rs\j 4 (_$jijJl A>Ja— ^ 0.3 m J^ju 

JL.UI ij^Jl jl ^j^l o\ .ol ill ^>JI 

ik>-l^j _jl ik^l^jj 100 mm ^ LjiS'U— Jbj: V ij^Jl 
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jUiJl ^ U~-Vj lV-f jVl .jl-jS! ^JJI jidl V*J ^1 ijsJl 
ti j^Ij Ot ijjiJLi t^iJl ff^l (Settlement) oL^J^fl 

j^iliJl fi^U iJL-iJl ^1 tf> ,y>jJu jJ^o (ji^li 

j-pi,.,.,< tUUi OLi tolilJL! t JajL«Jl (O^il '\ J> 3 j* *^ j ■ - * ol^^i 
^yi* JaiU^d ( _ J iSLlj>Jl j-«J ^yio ^JLij j*LgJl tjUiai al*^ ^ 

jLj^i! £jJ^- ^ ShUl jsL- ^uJ ^ ^-Vl ii>Jl j 

.^a j jstj jiJl J^b Ol 

^JLjlSI J»LiJl ^ oLiI » ./9 j] jr^'j -Ji-* 
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iii^i iiL^oJi js'Lil.j iUKJi J^Jju (lr su J . « l^j 

t k £Uji5' .^>^N\ ^ Ji ^1 iJUaJl il_j_Jl (Flush out) 
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(Technical Briefs) ^1^1 ol^^Jl Of iJi*-'** *l ^iJl ^ 
: ^J^JI ^ (c^J ^LlVI) i^JLJI ^ S^_^ 33 _ 64 

http: //www.lboro .ac.uk/well/resources/technical-briefs/technical - 
briefs.htm. 
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2 (JshLftJl 




£ r ±\yj ^uii jiJL.yL *JL*n jljj ^i^^" 

jl (Pickford) (1999) ^jj^SLj L.J iSfl ^ j Waterlines 

^ Jji Li 33 ^ oL^i"Jl Jl^l 1 >SU J j . (1999) (Shaw) jJi 



j,,^Ti .(3 J»JLJI ^1) WELL ^ r 



,oL»ji**Jlj iiycdl jiUa* jij*^ Ui** %J*^ ■* <^->\>*A*0 



IL* olS IUUI OljJI 



11, 14, 36, 56 
34 
39 

11 

1, 14, 36, 56 
33, 35, 41 
11, 36, 56 



(1991) tjjZL. j fajlj 



13 
14 
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21, i, 11. IS. 21, 47 


S? • v -* t_ \ * 


15 


19, 25. 50. 51 


(i) aiM, .lit 


17 


20 


.at jL-vi 


18 


17, 25. 50. 51 


(2) stli-fl, .lit -.j^-ji 


19 


18 


.at ol^i 


20 


15, /. 11, 15, 21. 47 


(2) i-J-JI J,^l ol^J^ 


21 


47 


jr'sll ij* , t'J-— * 


22 




JjjJL-l -Ul JjJL- 


24 


17. 19 




25 


32 


olp <J-.j CjW^j> 


26 


3.34 


._j yiJl jl JidJl ^Li j jiJJS 


27 


44 


***** * \ * 


29 






30 


26 




32 




(1999) ^ J 




13, 35, 41 


ijjjUl CjU-^iil obi 


33 


3 


" " Lr* - 


34 


13, 33, 41 




35 


11, 14, 56 


j-i-il ,y .Ul Ojl* 


36 


4 




39 


58.59 


ifjiii iiiji 


40 


13, 33, 35 


VLOM cAi^ju 


41 


5 


til II yiJ-l jS> 


43 


62 


tSjljJsJI JlP -Ul Jrf^ 


44 


58.59 




46 


22. 58. 59 




47 


47 




48 


55 


JU5"->lil i-ill 


49 


17. 19. 51 


SUiJI jo lXL&I 


50 



219 



17. 19, 50 ^p^oJI .tji-j M Jilk ^ 51 

17,19 \fy f l <~S-M 52 

49 j-UcAl jL^I 55 

li, 74, 36 J-iU!l oL^j SyJil .Ul oU> 56 

59, i/. /J, 21. 40. 47. 1 *U1) JJjdl ii-UI 58 
(50, tfJ 

58, 11. 15. 21. 40. 47. 2 *LD Vjdl Ji-UI 59 
60.65 

15. 21. 58. 59 (Moringa jjJL ^li fl-Li^-L Alt 60 

oleifera) 
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UUJl iSLiJI Jp oL. jUI j^Ul. 

JjjJl ^ ySLJl alJL.)fL aJUJI oli ^JI^JI ^ ^1 iiL* 
<^s4 oIIjLJjI jaLs^Jl oIa jJa*J Li* W>^-v '^Mb 'V^' 

: *l_^»4 olbl ^51 _y*Jl c^-jal Jii oli ^Sl_j» 

jLkjiVl ^-»->r 7 ... « i J I k 7 ii j-^-ij i(General) ^L* 
(Hand <jjJ_JI olj, „A « !L tiJLsJlj t (Rainwater Catchment) 
j^o^j> <J-^>jj ►IjjrVl oJL* ^ j-(Jajj .Pumps) 

.^^Jl Olj^ Jila* ^jil 

Garnet ^iy> 

^i^Jlj (Global Applied Research Network) J j./t:^ y» j 
Lu> j j <LiJLi» iSLJi ^iJLiti^-Li (Sanitation) (J >*^\ 

*L«Jl ili j » « SI ol - . H ^j, jj_>J (Links) .kjl jj j-J jJ 

^oLj^j iCj\£*Jij (_J c^l AiU^^fL; t^^y^t^aJl t»jLi£Jlj 



www.lboro.ac.uk/garnet 



I* 
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Lifewater Canada y 

oli (Links) JojIjj 6y CjlajLui ^J-"-^ lP"^ 

. «Online Training and Technical Links» ^LjLj oLo ^i*Jl 
«Water For The 01 ijJfcil oUas-^UJl 

.ol^JVl IJLjj \J Lm World» 

www.lifewater.ca 

SKAT 

Swiss Centre for Development j!) SKAT £. — i j . ! 

iJjJ JbjI jj Uijl Cooperation in Technology and Management) 

JljJLPj >lj jLoJ| J^JJJtdl J_^>- CjLojJjco ^jja IJUJj jjl .,<? n \\ ^yo 

www.skat.ch/watsanweb/content/technology/general.htm 
www.skat.ch/watsanweb 

Water lines ^5 j-« 

^jUI ur>ui oLiiilJ UjjJI ai**jf ^ 

{International Journal of Appropriate ^ — >• — *a — II i .i t '. < II j 

Technologies for Water supply and Sanitation). 

jaII JuJj^j ^» j^L-j iiiLJl <LL>uJI J-p1 c-* 0[j 

. ITDG yibJl ^ Ujl^i j! tiUJl 
www.itdgpublishing.org.uk/waterlines.htm 

WELL £9^. 

cy* cr*"^' 5*^1 t/^r^" Ar 8 >*J 
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. (DF1D) yllkjjl Jj_Jl jijkJl 
oLUaJU iJLj^oj ijjji iji-Sj oLL>r7.«l WELL ^J^Jl 

<L»j_£__>l tNGOS <L;Jlj_\__!l ^-P oLoJaJ__)l 03jljJl 

(2 J*JuJI jJaJl) Waterline JL 4_^UJI 33 p-T, ^ 4-^___Jl 
5_<>_C>_«J| i-jjus-j^Jl t-J^Jl J_»-l i Running Water ^» Si^j-Ljlj 
_J Cross referred L-Sil y o ; ./»:^J| oJL» o.r. ...I jJ j .4: ... !l 
J^liJ il^jj _i JLi i1>»*j <L_C» JJi tWELL ^jjj .1 Js--— !l 

5 ^ ^SI^J Uajl (Links) JojIjj A* 5 -* .i^Ul OtJdJl 
www.lboro.ac-uk/well 

World Bank £ y 

J>\ World Bank ^y, JL* JJLJl S^uLaJI Ja^J 

._jL— ■! jIjuJI oljA; i^>UJ| oUjLcJL i^J sj^ jjUm 

ww.worldbank.org/html/fpd/water/topics/tech_supply.html 

DTU jlk&l 

(Domestic a-Jjj__!I _i jJL_Jl *Lo ^Laj>_>_-I ^Lij-i u^-u 
jjjJa_)l SJj- j j Roofwater Harvesting Programme) 

www.eng.warwick.ac.iik/DTU/rwh/index.html 
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HTN ^ 

^j^iiJLjj tSjx^-aJl ^ ; <i ./?t1| ^^I^oJ V jL»- (_^L«Jl 

tBushj Uganda U3 j lAfridev ^_»_S' JujJ-Jl oL». « !l 
.bkj-^ j Yaku - MAYA - TARA oU^. j i MALDA j 

www.Skat.ch/htn 

Lifewater Canada g ja 
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4 (JsfeWi 




1 metre, 1m = 100 cm = 1000 mm = 3.281 feet= 1.094 yards : (Length) J jUI 
1 kilometre, 1 km = 1000 m - 0.6214 miles 
1 inch, 1" = 25,4 mm = 2,54 cm 
1 foot, 1 ft = 304,8 mm = 30,48 cm 
1 mile = 1,609 km 



1 kg= 1000 g = 1000 000 mg :(Mass) 1B3I 

1 kg = 2,204 lb = 35,27 oz 

lm 3 = 1000 litres :(Volnme) ^«JI 

1 m 3 - 35,31 ft 3 - 220,0 British gallons = 264,2 US gallons 
1 litre = 0,22 British gallons = 0,264 US gallons 
1 megalitre, 1 M 1 — 1000 m 3 

1 British gallon = 1,2 US gallons = 0, 1605 ft 3 = 4,546 litres 

1 metre head of water - 0,1 kgf/cm 2 = 0,00981N/mm 2 : (Pressure) Jii*dl 

1 metre head of water = 1,422 lb/in 2 = 1,422 psi 
1 Pascal, 1 Pa = 1 N/m 2 

1 bar = 10,197 metres head of water (although often for simplicity it is assumed 
to be 10 m). 
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1 litre/s = 13.20 British gallons :(Flow rates) jLyJI Jjbw 

per minute (gpm) 

1 m 3 /h = 0.001 Ml/h 

lm 3 /h = 0.00527928 million British gallons per day (mgd) 
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Hand - Dug Wells 


> _> 


Back Wash 




Cable Tool Rig 




Fixed Diffuser Vane 




Cover Slab 




Reference 




Domestic Use 




Barbed Wire 




Cement Grout 


JiL. c-iw} 


Cross Reference 




Rehabilitation 




Water Recharge 




Head Works 


^iJl oLtj JUp! 


Maximum Total Daily 
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Roofing Sheets t_iJL«j ^1 

Slotted Plate r\ ji\ liJt* ^1 J* 

Delivery Valve (or Tube) ^yS jj\ 

Stand Pipe I*SlSSj^,L» /<_j ^Jl 

Well Point ^jLi>J i»j »jl 

Sump Pipe t)lj»Jl *UI J_po JJ <~*5l_jJtJl v.*^' 

Down Pipe t^ij^Jl i_j ^j! 

Washout Pipe ( _ y k*UaJ t-Jj^al t_j ^j! 

Casing Pipe V A-V*" ^ ^ 

Riser Pipe £*j <_j ^Jl 

Siphon il) _jjL~. /j^iiJ i_j ^jf 

Overflow Pipe i_j ^j! 

Flexible Pipe 0/ ujji 

Yield 6ys*>*j> I*crT^l 

Washout ijl y^>\ 

Sag J^5I /JL. /j^il 

JuL. >JI ^pjJ cJ>. JSLa *LUJ 

Shuttering JtiL* JSLa) 4j_,~^JI 

Starter jpli 

Auger (iwJi*) _yL>Jl 
Solar Water Pasteurization 

Casing iJaiu /^Iw- /^JU /Jjliaj 

Faecal Bacteria ijl^j 

Pulley Sj5^ 
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Ware JL 
Brickwork (J^UaJl) *b 



WeU 



jr. 



Driven Tube Well 5iL~» jl Sj 
Jetted Tube Well 

Hand - Dug Well IjjJU 2 jj*>** 
Watertight Well 

Roughing {gA^ /(ji**^ 

Provision ^jl ^1 /^li j ^JU 



Uniform Granular Soil ^ - las - ij;^ aj^j 

Uniform Fine - Grained Soil 3 . U~ . j 3_«^>lj ii^J 

Gravel Soil »L^s- ijjJ 

Top Soil iJ_ji Sj ^ 

Reciprocating J 

Sludging 5l*aJl t^j-i jj 

Seepage •} l>~>j~5 

Fluidization J^-J 

Life Beyond Designs <Ji>^ JU ^' p : »\ 

Stage Upgrading iJL»- y> Sj Jju 

Jetting Ja Oja <y jSlS" ^31 ^j^m 

Discharge f^-\ IgjZ 

Impervious Formation (Sli3 jJ>) ^u> j\ jjjSu 

Masonry Mount of Earth pil j /Lj\j y> /Jl 
Purification 
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Split Pin 




Air Release Hole 


Q 1 jfi 


Borehole 


* ** 


Artesian Borehole 




Machine - Drilled Borehole 




Hand - Augered Borehole 




Counter Weight 




Sharp - Edge Notch 




V - Notch 


v i_i ^>Jl J^-^ 


Head Wall 




Competence 




Impermeable Walls 




Threshing Floor 




Outflow 




Inflow 




Cumulative Outflow 




Cumulative Inflow 


yli-la b\tj>r 


Stator 




Foot Bridge 


*i * 


Hydram Body 




Guide Bush 




Boulder 




Coupling 




Permeable Banks 





230 



Wedge - Wire Screen 


L* 3 " 1 ** J*^~ 


Bar Screen 




Tripod 




Guy Rope 




Wire Rope 


J^- J*- 


Rope Thread 




Stone 




Sedimentation Chamber 




Surge Chamber 




Suction Limit 




House Compound 




Cast Iron 


yk^Jl JbJb- 


Upstroke 




Straining Unit 




Rain Water Catchment 




Excavation 




Development Drilling 




Shallow Dig 




Soakaway 


• • V V 


Pit Latrine 




Public Domain 




Grouting 




Rule of Thumb 


L*0* i^.J 1 ^' 1 (_^* f^*" 


Annulus 
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Bituminous 


(jLLJl ( y) ^jl* /ijJJ- 


Baffles 




Precast Concrete 




Suction Hose 




Sedimentation Tank 




Break Pressure Tank 


All Cuftjj 


Grapple 




Draw Dawn 




Trench 




Soakaway Trench 




Saking 




Impelled 




Plastering 




Securing Bracket 




Payment by Comsumption 


t— — a«J 


Pedal 




Hydrological Cycle 


VUJl S jjJI /.LJI S jji 


Fly Wheel 




Driven Head 




Pump Head 




Winch 




Strainer 


Jui Sbt /Jjjlj 


Flush 




Backfill 
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Infiltrate 




Compaction 




Bracket 




Debris 


Lli /JiL. /oliU*. /-If j 


Droppings 




Slurry 


f LjiJl JJj jJ? /apjj 


Rural 




Drilling Stem 




Weir 




Earth Dam 




Sand Dam 




Rock Embankment Dam 




Cup Seal 




Soil Embankment 




Clay Dams 




Infiltration Gallery 




Aspirator 




Gabions 


jJl j! jji^JL 5iJL» iL. 


Flood Plain 




Accessibility 




Guaze 




Plastic Mesh 




Grid 




Priming 
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Scalding 




Direct Action 




Constant Head Asperator 




Fissure 




Cast 




Apron Slab 




Rock 




Fractured Rock 


ob> /iJb^- 


Jerry Can 




Valve 




Washout Valve 




Air Bleed Valve 




Impulse Valve 




Foot Valve 




Piston Valve 




Non Return Valve 




Nut 




Yard Tap 




Spring Box 




Shallow Tank 




Compressors 




Pressure Head 




Unconsolidated Strata 




Pitching 
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Debonding Layer 




Consoledated Strata 




Sludger Method 




Caissoning Method 




Silt 




Fixing Collar 




Drilling Mud 




Biodegradable Drilling Mud ^ JJL>«dLJ JjIS Jo- ^A> 


Puddled Clay 




Compacted Clay 




Beam 




Rain Storm 




Lever 




Field Kit 




Fishing Tool 


J»Lfcj| SO* 


Vonder Rig 




Raked Debris 




Hydrology 




Camshaft 




Crankshaft 


J* ^ j-<k* 


Rotor 




Eye of the Spring 




Mesh 




Thatch (JjLuJl £^k- lfJ> J~*J 
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Slits Z&A? oUdi 

Design Life #-\\ JJlIiSI ; yi 

Washer ^LIjjVI iiU /5£li 

Overflow <L5l» SaLij /iUaJ 

Extractable g-l ji^-*>U Jjli 

Form Work cJj< t-JIS 

Tiles JL» 

Guide Rod j> <— 
Roller Bars J^J&\ ^ jl ij^ii- y v?^* 

Precast Segment of Concrete Slab L^v* J~* SL^J- ^ki 
Bed 

Hinged Flap iJUaio ii"5^S 

Clamping /-Li /Ja^i 

Heavy Duty JUs*-^ <_jy 

Free Residual Valve ^LifOi S y i*J 

Ram JiLS 
Stack 

Sheeting ^JLiJl ^» j! ^st-ii- »Uap /s_^ 

Free available Chlorine (^bJl) js- j^K 

Unsustainable JUaj ^ 

Chisel Bit Js-OV 1 **** 

Drilling Bit ysJl i»Jii 

Shell Bit Si y>u> jk=- 

Rotating Bit S*5J 
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Waling 

Scumboard 

Photo Voltaic Panel 

Spiral 

Overflowing Water 
Screened Water 
Run Off 
Rising Main 
Lining Material 
Drive Pipe 
Livestock 
Trowel 
Mound 
Peak Demand 
Intermittent 
Durable 

Mortored Joind 

Perforated 

Ravine 

Erosion Gully 
Threaded Coupling 
Cup Seal 
Clogged 



£j) 

iJLsJl J^i CJ i 

cjjAJl i 



(»UI jlj^-tj 
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Stand Point Xias** 



Surge Plunger i*ib 

Water Tight *LJJ jjJu- /j^S^ 

Airtight »1 ^fU JLL* jJc /^£>J> 

Ingress J ji-a / Ji-JL. 

Core Reference /^j- 

Well Point jiJl / k-j iiLfl ,J ^» 

Windlass S^SL /^*^" 

Catchment Area AkoVl 
Static 

Piezometric Level (glB j\l 

Intake V^r-* 

Swivel Bolt jl ^ij jL— * 

Pivot Bearing -J^» 

Handle Bearing u^*^ <JUai» Ju— = 

Actuated /«—■ 

Workshop Jiui* 

Overflow Spring ^1 J>-\ ^Lw» l^j^a* 
Gravity Flow Outlet 

Perimeter Drain (^yk^n) ^ y o^*a* 

Drain oLjj i_j 

Glazed J ^I*a* 
Pump 
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Deep Well Pump 




Progressive Cavity Pump 




Treadle Pump 




Rope and Washer 




Force Pump 


j*>*^\ fjAjS\ A>x^j2M 


Rotodynamic 




Cylindrical Diaphragm Pump 




Direct Action Pump 


yiLJl Jj«^l i>«^ 


Hydraulic Ram Pump 




Oscillating Water Column Pump 


ijljSA'lfl ^LJl 


Submersible Electric Pump 


I^JjLp <LjLj^5' 


Suction Pump 




Rower Pump 




Wind -Powered Pump 




Volute Centrifugal Pump 


ijjjij- SJuLi 


Hand Pump 




Reciprocating Piston Hand Pump 




Heavy Air - JJfcll el _^JL £j«.A» tpls-t jlJG Si 


Actuated Single Piston Hammer 




Down the -Hole Hammer (DTH) 


l^I JMa i* >. 


Jack Hammer 


MjSlJ jjJLA Si jh* 


Ladle 


<_» y> obi /Si yu 


Lever handle 




Slotted 





239 



Chlorinator j JiSJ 

Aquifer ^L. ^Sj> 

Confined Aquifer jj* 0 *** o*^" 

Puddle Clay J»"5L. 
Cement Mortor 

Flocculators oIjlU 

Committed <u i>L> 

Low Lying Area ,y>J^\ is£i»*i< ji>Lo 

Down Hill jjb«ii 

Hack Saw OabtJl jLi^o 

Drilling Rig Ju>- l,/tu 

Infiltration Area ^-LUjI Hiai* 

Stand Post iak^. 
Bellows 

Technical Brief JLJaj ol^./?:-^ j^- ^ 

Hampered JL** A-ijij* 

Spilt Water T «L. 

Artisian Water jjj sLo 

Rain Water jUa-Vl .L. 

Surface Water i^Ja^ oL« 

Potable Water <_j yiJl »U /JiiJl «L. 

Waist/ Water 'jj-H* A*»Lp «L« 

Catchment from Roof £^k~Jl ^ iJU»«» oL» 

Gutter ^jt" 
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Gutter trough on Poles 




Suspended Gutter 




Bailer 




Belt Drive 




Dewater 




Ground Water Table 




Soil Removing System 




Soackage System 




Collection Points 




Communal Water Point 




Stand Post 




Pivot Point 




Expanse 




Trickle 


/JO* 


Hedge 




Push - Fit Joints 




Rod Joint 


^jfc>Jl *L*t>j 


Swivel 




Joint 




Connector 




Screwed Connector 




Plinth 




Sustainable 


Jili /J^aj 


Cape with 


ijd+ali /ajI^j 
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Gravitate 


l_jJi>Ej 


Cut Into 


■ 

J - 


Circulate 


/ n^JCj 1 \ «Jj 


Improvise 




Refill 


(•aj /joy. 


Displace 




Dispense with 




Intermesh 




Insert 




Seep 




Spring 


<Jj^ /<J+^ /^>rd 


Fissure Spring 




Install 
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Accessibility 




Actuated 


£^iJLo / j!,.,ic 


Air Bleed Valve 




Air Release Hole 


. ..-at? l - 0*1 
J » . 


Airtight 




Annulus 




Apron Slab 


ijljj /it* /<L> 


Aquifer 




Artesian Borehole 




Artisian Water 




Aspirator 




Auger 




Back Wash 




Backfill 
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names 




Bailer 




Bar Screen 




Barbed Wire 




Beam 




Bed 




Bellows 


c 


Belt Drive 




Rind^ixraHahlf* T")fil1iti(* Mnd 

UIUUvyBUflUlv 1 — f 1 1 1 1 1 1 1 £4. 1V1UU 


, c !l LL>*^li LIS . d-ta. *\s 


Bituminous 


( J5...i| -j) . c ili /,c .ii 


Borehole 


* -* 


Boulder 




Rrarket 




Break Pressure Tank 




Brickwork 


-S ' * • 


Cable Tool Rig 




Caissoning Method 




Camshaft 




Cape with 


L? * J, / , * « / + « 


Casing 




Casing Pipe 




Cast 




Cast Iron 




Catchment Area 
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Catchment From Roof 




Cement Grout 


J5L. c-J^i 


Cement Mortor 




Chisel Bit 




Chlorinator 




Circulate 




Clamping 




Clay Dams 




Clogged 


3jJLl< / i J^>Tjl 


Collection Points 




Committed 




Communal Water Point 




Compacted Clay 


/jlJL» jJ? 


Compaction 




Competence 




Compressors 




Confined Aquifer 




Connector 




Consoledated Strata 




Constant Head Asperator 




Core Reference 




Counter Weight 




Coupling 




Cover Slab 


»UmIi aw /sjijj 
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Crankshaft 




Cross Reference 




Cumulative Inflow 




Cumulative Outflow 


- 


Cup Seal 




Cut Into 




Cylindrical Diaphragm Pump 




Debonding Layer 




Debris 




Deep Well Pump 




Delivery Valve (or Tube) 




Design Life 




Development Drilling 




Dewater 




Direct Action 




Direct Action Pump 


^LJI Jj^I A^s^o 


Discharge 




Dispense With 


J 5 "* /<>* /Jiji 


Displace 




Domestic Use 




Down Hill 




Down Pipe 




Down the -Hole Hammer (DTH) 




Drain 





246 



Draw Dawn 




Drilling Bit 




Drilling Mud 




Drilling Rig 




Drilling Stem 




Drive Pipe 




Driven Head 




Driven Tube Well 




Droppings 




Durable 




Earth Dam 




Erosion Gully 


/y?^ lift** 


Excavation 




Expanse 




Extractable 


£|>^->U Jjli 


Eye of the Spring 




Faecal Bacteria 




Field Kit 




Fishing Tool 




Fissure 




Fissure Spring 




Fixed Diffuser Vane 




Fixing Collar 




Flexible Pipe 
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Flocculators olJJi 
Fluidization 

Flush J~p lo^j 

Fly Wheel jLL> j> 

Foot Plain oW.,a.ail ^t- J^. 

Foot Bridge SLi 



Foot Valve l** 5 !"-? ^ l*^* f ^* 

Force Pump (_S _^>Jl Jijdl 

Form Work cJiy <_JIS 

Fractured Rock ol>) iJb>- jj>~*> 

Free available Chlorine ,^5^ y- jj3S 

Free Residual Value tlz* S ^a- i*J 

Gabion v'j^' J' 'M* 

Glazed J 

Grapple oliai- 

Gravel Soil >Ua> Jj^j 

Gravitate V^H 

Gravity Flow Outlet &lj>? ^r** 

Grid QoL.'a iSLJi 

Ground Water Table ^» »UI JU* 

Grouting ^ip- 

Guaze Aj^** 
Guide Bush jLijJ iii /iJLta iii 

Guide Rod 4^ y 
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Gutter 




Gutter Trough on Poles 




Guy Rope 




Hack Saw 




Hampered 


(_}L>i« / <w5 


Hand - Augered Borehole 




Hand - Dug Well 


*< 


Hand Pump 




Handle Bearing 


. * 11 1 . >»rt a . 1* ... a 


Hand - Dug Wells 




Head Wall 




Head Works 


^laJl olu.;» JLvpI 


Heavy Air - JJiJl A ^$JL £jiJLo ^aW (J-jSUj jIjU ii Jo* 


Actuated Single Piston Hammer 




Heavy Duty 




Hedge 




Hinged Flap 




House Compound 




Hydram Body 




Hydraulic Ram Pump 




Hydrological Cycle 




Hydrology 




Impelled 




Impermeable Walls 
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Impervious Formation 


(SLi jjp) £^j> j\ oijfi 


Improvise 




Impulse Valve 




Infiltrate 




Infiltration Area 




Infiltration Gallery 




Inflow 




Ingress 




Insert 




Install 




Intake 




Intermesh 


.iLLii, /ja-lJti /jLJ 


Intermittent 




Jack Hammer 


ij^J jjJLa ii ^ia* 


Jerry Can 




Jetted Tube Well 




Jetting 




Joint 




Ladle 


<_» ^* Sbt /ii yu> 


Lever 


Axil ^il illP 


Lever Handle 




Life Beyond Designs 




Lining Material 


Silo 


Livestock 
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Low Lying Area 
Machine - Drilled Borehole 
Masonry Mount of Earth 
Maximum Total Daily 
Mesh 

Mortored Joind 
Mound 

Non Return Valve 
Nut 

Oscillating Water Column Pump 
Outflow 
Overflow 
Overflow Pipe 
Overflow Spring 
Overflowing Water 
Payment by Consumption 
Peak Demand 
Pedal 
Perforated 
Perimeter Drain 
Permeable Banks 
Photo Voltaic Panel 



<SwiJl (J ^aP 

JaJ^) i^LjJL. "ilJL* 

ijljIA^I ^LJl ik^a* 
is-Lflls /^iis '—'^H^ 
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Piezometric Level 
Piston Valve 
Pit Latrine 
Pitching 
Pivot Bearing 
Pivot Point 
Plastering 
Plastic Mesh 
Plinth 

Potable Water 

Precast Concrete 

Precast Segment of Concrete 

Pressure Head 

Priming 

Progressive Cavity Pump 

Provision 

Public Domain 

Puddle Clay 

Puddled Clay 

Pulley 

Pump 

Pump Head 
Purification 



aJLJoj 

L$l*» J**- ijL- 
Slab <J~- ijL» ^i- ^iai 
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Push - Fit Joints 






Rain Storm 






Rain Water 




jlk.SH .Li 


Rain Water Catchment 






Raked Debris 






Ram 






Ravine 






Reciprocating 






Reciprocating Piston Hand Pump 




Reference 




i-ijJi jljl.! 


Refill 




r 3 J /f*jd 


Rehabilitation 




J^aIj Sal*} 


Riser Pipe 






Rising Main 






Rock 




a 


Rock Embankment Dam 






Rod Joint 




jOs^>\ iL*j 


Roller Bars ^iLiJl 




* A • * i • * 


Roofing Sheets 






Rope and Washer 






Rope Thread 




J- 


Rotating Bit 






Rotodynamic 






Rotor 
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Roughing 

Rower Pump 

Rule of Thumb 

Run Off 

Rural 

Sag 

Saking 

Sand Dam 

Scalding 

Screened Water 

Screwed Connector 

Scumboard 

Securing Bracket 

Sedimentation Chamber 

Sedimentation Tank 

Seep 

Seepage 

Shallow Dig 

Shallow Tank 

Sharp - Edge Notch 

Sheeting 

Shell Bit 

Shuttering 



tjAj* o* 1 ? Alt?"^ <J* f&>- 
J*JI /JL. /j^l 

iJLiJl J**s 

43 j^>«j» .y*^ **iJ 

cJj* JSLa »LiJi 
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Silt 




Siphon 




Slits 




Slotted 


.- >.' 1 


Slotted Plate 




Sludger Method 




Sludging 




Slurry 




Soackage System 




Soakaway Trench 




Soil Embankment 




Soil Removing System 




Solar Water Pasteurization 




Sookaway 




Spilt Water 




Spiral 




Split Pin 




Spring 


Jj-^ /J*^ /fjA 


Spring Box 




Stack 




Stage Upgrading 




Stand Pipe 




Stand Point 




Stand Post 
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Starter t$*\j 

Static ji-. 

Stator jSLji 

Stone j>^- 

Strainer JLi Sbl Ajjjlj 

Straining Unit XA\jJl>\ /aL> j*«*j> V-^ 

Submersible Electric Pump ;LJs>l£ ijSl^S' 

Suction Hose (J ^> fj^J>- 

Suction Limit i^ 1 *^ * 

Suction Pump L&\j> 
Sump Pipe IS\'J^S ^\ *Ul Jj^o *— ul^-iJl 

Surface Water LsJa^. oL« 

Surge Chamber Sjjiil i js^- 

Surge Plunger i*ib 

Suspended Gutter ji« t_. ilj^ 

Sustainable J*^*iU JjL* /J*s^j 

Swivel jjy> /is- jl ^ *L^> j 

Swivel Bolt Jji J* yAJ> jLj 

Technical Brief cj\j^m ( Jju y>- y> 

Thatch (JjLJl ^jk- J*** otL 0U*i4j c-^) *Lp 

Threaded Coupling <_J^L. D^i 

Threshing Floor jju lbj>- 

Tiles JL» 

Top Soil iJ^i ii 
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Treadle Pump 




Trench 




Trickle 


/JO* cij^ /J-ij 


Tripod 




Trowel 




Unconsolidated Strata 




Uniform Fine - Grained Soil 




Uniform Granular Soil 




Unsustainable 


Jlk, V 


Upstroke 


j^Vi oUj-l 


V - Notch 


v ti j>Jl JSLIj i*U 


Valve 




Volute Centrifugal Pump 




Vonder Rig 


jJLj 


Waist Water 




Waling 


Jhj 


Ware 




Washer 


^LSjVl ^ ^ 


Washout 




Washout Pipe 




Washout Valve 


t_ijj*^J ^Lm/» l^ij*> 


Water Recharge 


aLJl jV>^i Silpl 


Water Table 




Water Tight 





257 



Watertight Well &LJ> j. 

Wedge - Wire Screen <J?*^l i > Jlj " 

Weir J^. 

Well j> 
WellPoint jSJl jl /ya»Jl <-j_jJI iljj <_,» i^J^. 

Winch j /fli A*ilj 

Wind -Powered Pump * J ' JL ° 

Windlass S^SL /^ls y 

Wire Rope (j^- J^- 

Workshop JJut» 

Yard Tap (JjiJl AS jj~v> 

Yield J_j*a« /i^bjj 
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Health, Water and Sanitation, ITDG Publishing, London, 
UK. ISBN 1 85339 096 0 

This Book Contains Technical Briefs 1-32 that were Originally 
Published Singly in Waterlines. 

The Briefs are Useful, Well Illustrated, Four Page Summaries of 
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Published Singly in Waterlines. 

The Briefs are Useful, Well Illustrated, Four Page Summaries of 
the Important Aspects Relating to Various Aspects of 
Health, Water Supply and Sanitation in Developing Coun- 
tries. Note that Technical Briefs 1-32 are Published in 
Pickford (ed.) (1991). Technical Briefs 33-64 are available at 
www.lboro.ac.uk/well/ resources/ technical - briefs/ technical 
- briefs, htm. 

Smet, J. and C. van Wijk (eds.) (2002). Small Community Water 
Supplies: Technology, People and Partnerships, IRC Technical 
Paper Series 40, IRC International Water and Sanitation 
Centre, Delft, The Netherlands. ISBN 90 6687 035 4. 

This is an Updated Version of Small Community Water Supplies: 
Technology of Small Water Supply Systems in Developing 
Countries Published in 1981. It has Fairly Comprehensive 
Coverage of the Technological Aspects of Water Supplies. 
This Latest Version has a New Chapters Relating to 
Integrated Water Resources Management and Water Supply 
in Disasters and Emergencies. Other New Chapters cover 
Desalination, Fluoride Removal and Arsenic Removal. There 
is a Revised annex on Sanitary Surveys and Laboratory 
Analysis, and a New Annex on Groundwater Exploration 
Chapters 1-4 are available at www.irc.nl/products/ publica- 
tions/ online/ tp40e/ index, html. 

Watt, S. B. and W. E. Wood (1979). Hand Dug Wells and their 
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Construction (second edition), ITDG Publishing, London, 
UK, 254 pp, ISBN 090303 127 2. 

This is a Most Comprehensive Book on the Subject and is 
Recommended to any Who Plan to Implement hand Dug 
Wells. 

Almedom, A. M., U. Blumenthal and L. Manderson (1997). 
Hygiene Evaluation Procedures: Approaches and Methods for 
assessing Water - and Sanitation - Related Hygiene Practices, 
International Nutritional Foundation for Developing Coun- 
tries, PO Box 500, Boston MA, 02114-0500, USA, ISBN 
09635522 8 7 

This Book Provides Practical Guidelines for Evaluating Water and 
Sanitation - Related Hygiene Practices. It can be Read at: 
www.unu.edu/ unupress/ food2/ uin lie/ uin lie 00.htm. 

Barlow, R., B. McNelis and A. Derrick (1993). Solar Pumping: An 
Introduction and Update on the Technology, Performance, 
Cost and Economics, ITDG Publishing, London, UK ISBN 
185339 179 4, and World Bank, Washington, DC, USA, 
ISBN 0 8213 2101 3 

A Comprehensive Book which Includes a Comparison of the Cost 
of Solar, Diesel, Hand and Wind Power for Pumping Water. 

Boot, M. T. (1991). Just Stir Gently: The Way to mix Hygiene 
Education with Water Supply and Sanitation, Technical Paper 
Series No.29, International Water and Sanitation Centre 
(IRC), The Hague, The Netherlands, ISBN 90 6687 016 8 

A Useful Book which Looks at all Aspects of Understanding and 
Influencing Health Behaviour Relating to Water and Sanita- 
tion. 

Dayal, R., C. van Wijk & N. Mukherjee (2000). Methodology for 
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Participatory Assesments with Communities, Institutions and 
Policy Makers: Linking Sustainability with Demand, Gender 
and Poverty, Metguide, Water and Sanitation Program, The 
World Bank, Washington DC, USA and IRC International 
Water and Sanitation Center, Delft, The Netherlands. 

An Excellent Book that Describes Participatory Field 'Tools' that 
Can be Used to Help Ensure that Water and Sanitation 
Projects Meet Users' Needs in the most Appropriate Way. It 
is available at www.wsp.org/ pdfs/ global_ metgideall. Pdf. 

Fraenkel, P., R. Barlow, F. Crick, A. Derrick and V. Bokalders 
(1993). Windpumps: A Guide for Development Workers, 
ITDG Publishing, London, UK, in association with the 
Stockholm Environmental Institute, 156 pp., ISBN 1 85339 
126 3 

A Comprehensive Book which Gives Details about a Number of 
Windpump Manufacturers and Suppliers. 

Fraenkel, P. (1997). Water - Pumping Devices: A Handbook for 
Users and Choosers, (second edition), ITDG Publishing, 
London, UK, 254 pp., ISBN 1 85339 346 0 

This Book Covers all Types of Pumping Systems Driven by 
Manual, Animal, Wind, Water, Solar, Engine and Motor 
Power. 

Gould, J. and E. Nissen - Petersen (1999). Rainwater Catchment 
Systems for Domestic Supply: Design, Construction and 
Implementation, ITDG Publishing, London, UK. ISBN 1 
85339 456 4. 

A Very Comprehensive and up-to-date Book on the Subject of 
Rainwater Catchment and Storage. It Includes a Good 
Section that Gives Outline Details for the Construction of a 
Number of Different Types of Storage Tank. 

IRC (1988). Handpumps: Issues and Concepts in Rural Water 
Supply Programmes, IRC Technical Paper Series No.25, 
International Water and Sanitation Centre, The Hague, The 
Netherlands, 163 pp, ISBN 90 6687 010 9. 
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A Book that Gives Useful Advice on Handpump Technology, 
Installation, Maintenance and Manufacture. 

IRC (1998). Multi - Stage Filtration: An Innovative Water 
Treatment Technology, Paper Series 34-E, International 
Water and Sanitation Center, The Hague, The Netherlands 
and CINARA, Valle University, Cali, Colombia, 165 pp., 
ISBN 90 6687 029 1 

A Book which Gives Guidance on How to Treat Surface Water 
Sing Different Types of Roughing Filter together with Slow 
Filters. 

IRC (1991). Partners for Progress: An Approach to Sustainable 
Piped Water Supplies, Technical Paper Series 28, Interna- 
tional Water and Sanitation Centre, The Hague, The 
Netherlands, 139 pp. ISBN 90 6687 015X 

A Good Introduction to the Philosophy and Practice of Full 
Involvement of Communities in the Water Supplies Designed 
to Serve them. Although the Focus is on Piped Schemes, 
many of the Suggestions are also Relevant to other Water 
Supply Methods. The Book Covers Planning, Implementa- 
tion, Operation, Maintenance, Monitoring and Evaluation. 

Lloyd, B. and R. Helmer (1991). Surveillance of Drinking Water 
Quality in Rural Areas, Longman Scientific & Technical, UK, 
ISBN 0 582 06330 2 

In Addition to Information about Water Quality Testing this Book 
Describes 'Sanitary Surveying'. This Technique can be Used 
to Judge the likelihood of Water Sources being Contaminated 
without the need to Carry out Bacteriological Testing. 

Morgan, P. (1990). Rural Water Supplies and Sanitation, Macmil- 
lan, London, UK, 358 pp, ISBN 033348 569 6 

Two Thirds of this Book deals with Practical Aspect of Exploiting 
Groundwater and the Other Third is about Low - Cost 
Sanitation. The Water Supply Section has Particular Em- 
phasis on use of the Blair Bucket Pump and Various Types of 
Handpump made and used in Zimbabwe. Other Sections 
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Provides some Guidance on Construction Hand - Dug Wells 
and had - Augered Boreholes using the Vonder Rig. It has 
Short Sections on the Purification of Water and on Rain- 
water Harvesting. 

Nelson, K. D. (1985). Design and Construction of Small Earth 
Dams, Heinemann, UK, 128 pp, ISBN 090960 534 3 

An Introduction to Safe Construction of Earth Dams. 

Nilsson, A. (1988). Groundwater Dams for Small Water Supply, 
ITDG Publishing, London, UK, 64 pp, ISBN 1 85339 050X. 

A Good Reference Book on Groundwater Dams. 

Price, M. (1996). Introducing Groundwater (second edition), 
Chapman & Hall, London, UK, 278 pp ISBN 0 412 48500 1 

A Good Introductory Book on the Occurrence and Quality of 
Groundwater, the Way in which it Flows, how it can be 
Located and Tested, and the Construction and use of 
Beroholes. 

Schulz, C. R. and D. A. Okun, (1992). Surface Water Treatment 
for Communities in Developing Countries, ITDG Publishing. 
ISBN 1 85339 142 5 

A Comprehensive Book Dealing with Most Aspects of the Design, 
of Small and Large Scale Water Treatment Plants. This Book 
is a Reprint of one first Published in 1984. In Places it is now 
a Little out of Date but it is Still Very Useful. 

WELL (1998). DFID Guidance Manual on Water Supply and 
Sanitation Programmes, WELL Resource Centre Network 
for Water, Sanitation and Environmental Health, Water, 
Engineering and Development Centre (WEDC), Loughbor- 
ough University UK. 

A Comprehensive Manual Prepared by WELL, a Resource Centre 
Funded by DFID. It Covers the Whole of the Project Cycle 
for Water and Sanitation Programmes (i.e. from Policy 
Development to Evaluation) 
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Dealing mainly with Important Programme Planning and Man- 
agement Issues rather than Technology. It can be Read 
Online, Printed or Ordered, via the WELL website at 
www.lboro.ac.uk/well/resources/books-and <http:// 
www.lboro.ac.uk/well/resources/books-and- manuals/gui- 
dancc-manual.htm 

j j£\ JUp] j cAk^A 

DHV (1985). Low Cost Water Supply: For Human Consumption, 
Cattle Watering, Small Scale Irrigation, Part 1: Survey and 
Construction of Wells, DHV Consulting Engineers, Amers- 
foort, The Netherlands. 

DLVW (1983). Rural Water Operators Handbook: Gravity fed 
Rural Pipe Water Schemes, Department of Lands, Valuation 
and Water, Government of Malawi, Malawi. 

Guoth - Gumberger, M. and R. (1987). Small Projects Training 
Manual, Volume II, Water Supply, Sudan Council of 
Churches, Munuki Water and Sanitation Project, Sudan. 

Hasse, R. (1989). Rainwater Reservoirs, Above Ground Structures 
for Roof Catchment, Friedr. Vieweg & Sohn Verlagsge- 
sellschaft mbH, Braunschweig, Germany. 

IRC (1979). Public Standpost Water Supplies: A Design Manual, 
IRC Technical Paper No. 14, International Water and 
Sanitation Centre, The Hague, The Netherlands. 

IRC (1987). Slow Sand Filtration for Community Water Supply: 
Planning, Design, Construction, Operation and Maintenance, 
Technical Paper No.24, International Water and Sanitation 
Center, The Hague, The Netherlands. 

IRC (1988). Community Self - Improvement in Water Supply and 
Sanitation: A Training and Reference Manual for Community 
Health Workers, Community Development Workers and Other 
Community based Workers, Training Series No.5 Interna- 
tional Water and Sanitation Centre (IRQ. The Hague, The 
Netherlands. 
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Nissen - Petersen, E. and M. Lee (1990). Harvesting Rainwater in 
Semi - Arid Africa, Manual No. 3, Rock Catchment Dam 
with Self Closing Tap, ASAL Rainwater Harvesting, 
Nairobi, Kenya. 

Rajagopalan, S. and M. A. Shiffman (1974). Guide to Simple 
Sanitary Measures for the Control of Enteric Diseases, World 
Health Organization, Geneva. 

SWS (1992). Trade Literature from SWS Filtration Ltd, Morpeth, 
Northumberland, UK. 

Wegelin, M. (1996). Surface Water Treatment by Roughing Filters: 
A Design, Construction and Operation Manual, SANDEC 
report No .2/96, Swiss Centre for Development Cooperation 
in Technology and Management (SKAT), St. Gallen, 
Switzerland. 
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